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ABSTRACT 


Changes in a population of the little northern chipmunk Eutamias 
mintmus borealis (Allen) were followed from 1967 to 1971 by means of 
autopsies and live-trapping on selected plots in the vicinity of Heart 
Lake (60° 52' N, 117° 22' W), Northwest Territories. 

Pooled population size on three non-restrictive study plots (total 
area: 12.4 ha) declined from 71 in 1967 to 18 in 1970 and increased to 
21 in 1971. Age-specific rates of natality and mortality were determined 
in autopsied samples and theoretical population levels were calculated 
that were in close agreement with real changes. Population changes were 
not synchronous with those of the red-backed vole Clethrionomys gappert, 
probably because of differences in both reproductive and survival rates. 

Changes in population size were caused by differences in natality 
during the single breeding season and by differential mortality. Potential 
recruitment was affected by the percentage of overwintered females which 
bred (from 62.5% to 84.6%), with yearling females being most variable 
(33% to 100%). Breeding yearling females were significantly heavier and 
had significantly larger cranial measurements than non-breeding females 
of the same age, but were not significantly different from older females. 

The percentage of breeding females (from the autopsied sample) 
remained relatively constant (62.5% to 63.6%) with declining population 
size (in the live-trapped sample) until a threshold was reached that 
probably corresponded with the 24 minimum home ranges available. The 
number of embryos per female, for all breeding females, did not change 


within the population levels encountered within the present study. 
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Analysis of stomach contents showed progressive utilization of 
overwintered fruits, greenery, flowers and new fruits from spring to fall, 
although the species available from year to year depended upon vagaries 
of climate. Mean body weights of overwintered animals were heavier 
following years of good berry production. Energy requirements during 
the hibernation period were estimated to approximate 5,000 kilocalories 
and it was concluded that available energy resources necessitated 
hibernation. Temperatures in hibernacula were relatively stable at 
about 1 C in sand and 4 C in limestone substrata once the heimal thres- 
hold was exceeded. 

August body weights of juveniles actively collecting seeds in 
cheek pouches were heavier than those of animals without seeds. 
"Collectors" had probably already established home ranges while the 
lighter "non-collectors" had not. It was proposed that "collectors" 
overwintered to become the heavier, breeding yearlings while "non- 
collectors" either failed to survive or survived on marginal home ranges 
to become lighter, non-breeding yearlings. During summer most non- 
breeding yearlings would establish home ranges and subsequently breed 
at two years of age. 

Major theories of population regulation were incorporated into the 
present hypothesis which was proposed to be applicable to other small 


mammal populations. 
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INTRODUCTION 


Whether or not large fluctuations in population size, which have 
been recognized in a number of mammalian species inhabiting the higher 
latitudes, occur in the little northern chipmunk Eutamias mintmus 
borealts (Allen) in northern Canada has not been determined. In other 
mammalian populations at similar latitudes a certain degree of rhythmi- 
city has been detected in population size with a frequency of, in many 
cases, approximately four years and, in others, approximately ten years 
(Elton, 1924; Keith, 1963). Cole (1954) demonstrated a cyclic pattern 
evolved from random numbers and suggested that this same randomness 
might obtain in fluctuating populations. This suggestion was rejected 
by, among others, Rowan (1954) who emphasized the synchrony and 
repetitiveness of the peaks, and by Chitty (1960) who stated that the 
decline was "an association of fairly specific effects that are unlikely 


to follow except from fairly specific antecedents." 


Using a statistic 
gleaned from the animals themselves (body weights of adults in mid-summer) , 
Krebs (1964) defined "cycles" of microtine abundance in terms which 
invalidate Cole's mathematical hypothesis. Despite difficulties in 
accurately enumerating these populations (see Slobodkin, 1961; Chapt. 14), 
large fluctuations in population size can be accepted as a reality. 

Mechanisms influencing these large variations have been hotly debated 
for many years and a plethora of possible explanations has been suggested. 
Elton (1924; 1942) suggested that "climatic variations'' were responsible 
because fluctuations in widely diverse populations were relatively 


synchronous. Meteorological information has not suggested rhythmicity in 


climatic conditions, although microenvironmental rather than meteorological 
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conditions are of greater importance to mammalian populations (Fuller 
et al., 1969). A temporal restriction of climatic variation in the form 
of "critical periods" in conditions has been advanced by Siivonen and 
Koskimies (1955) and Pruitt (1957). Limitations in food supply have 
also been proposed, in the form of variations in quantity (Lack, 1954a), 
quality (Batzli and Pitelka, 1971) or specific nutrients (Auman, 1965). 
Intrinsic factors have been suggested in the form of stress reactions 
(Christian and Davis, 1964; Clulow et al., 1969) or polymorphic varia- 
tions in behavior (Chitty, 1967). It is possible that different 
mechanisms or complex interrelationships assume variable degrees of 
control both temporally and spatially, in which case the overall effect 
may well allow no factors to be distinguished as in Cole's hypothesis. 
It is not known, however, whether all mammalian populations at 
these latitudes exhibit large fluctuations or not. This may be due to 
a dearth of information or to an inherent quality of stability in those 
populations. If such a numerically stable population does exist and is 
sympatric with a fluctuating one then factors influencing the parameters 
may aid in our understanding of population dynamics; its sharing of 
characteristics with either populations known to oscillate or with the 
more stable ones of lower latitudes may offer insights, even negatively, 
into factors relevant to the control of both. If the population is not 
stable then knowledge of any variation in size can only add to that 
already gained; an investigation of synchrony with sympatric species may 
determine which factors are of greatest importance and whether any 
relationship exists between these and different modes of life of the 


species. 
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The level of a population of organisms is determined, in the 
absence of catastrophe, both by the absolute values of its components 
(sex and age classes) and by the degree of interaction between many 
criteria (natality, mortality, longevity) which may be examined in the 
light of extrinsic or intrinsic factors. Intrinsic factors were not 
investigated in this study, the approach being based upon Wynne-Edwards 
(1962, p. 467) admonition that "the first hypothesis to examine as to 
the causes of fluctuations in animal numbers must clearly be that the 
instability is due primarily to fluctuations in the physical environment, 
and especially to those that are reflected in the availability of food." 
A correlative, rather than experimental, emphasis has been used through- 
out most of the present study. 

Fuller (1969) demonstrated variation in population size in red- 
backed voles Clethrionomys gappert and deermice Peromyscus mantculatus 
in the boreal forest of the Northwest Territories near the Heart Lake 
Biological Station of the University of Alberta. In that area C. gappert 
remains active during winter (Fuller et al., 1969) while P. mantculatus 
is subject to periods of torpor (Stebbins, 1971). Eutamias mintmus 
borealis is sympatric with C. gappert and P. maniculatus near Heart Lake 
although it has a different modus vivendi. The chipmunk was selected 
for a study of population dynamics and life habits with the major 
objectives of determining whether its population remains constant or 
varies in size and examining possible correlates with the physical 
environment. 

Holdenreid (1940) reported that for chipmunks in general 
"published observations are scattered and brief, and population studies 


. . have scarcely been touched," a situation which has improved only 
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slightly in the last three decades. Fraleigh (1929) and Hazard (1960) 
indicated that populations of the eastern chipmunk Tamas striatus 
remained relatively stable from year to year. Variations in population 
size have been recorded for the Siberian chipmunk Hutamias stbitrtcus in 
the Western Sayan region (Shtil'mark, 1963; 1967). A three-year study 
of the yellow-pine chipmunk Eutamas amoenus revealed only minor changes 
in density (Broadbooks, 1970a). 

Criddle (1943) stated that in southern Manitoba EF. minimus has 


ts Atvaria- 


"years of abundance which are followed by others of scarcity.’ 
tion in density in this same species was shown throughout three years in 
Colorado by Vaughan (1969), while Sheppard (1965) found density changes 
in both £. mintmus and FE. amoenus populations in southern Alberta. 

No experimental manipulation has been performed on possible 
causative factors, and few correlations have been suggested. Vaughan 
(1969) suggested that populations of #. mintmus and other rodents in 
montane regions of Colorado were influenced by the timing of spring snow- 
melt. A relationship between size of #. stbirtcus populations and 
seedfall of the stonepine Pinus stbirica was shown in the forests 
of Western Sayan, USSR, by Shtil'mark (1967). 

Changes in size of home range or territory can exert a profound 
effect on population size by causing changes in the number of potential 
inhabitants for a discrete area. Martinsen (1968) showed consistent 
temporal changes in the size of home ranges of EL. mintmus and E. amoenus: 
throughout summer with relative compatability between summers. 
Territoriality may or may not occur in Hutamtas as aggressive behavior 


has only been recorded near the den (Gordon, 1938). Evidence from 
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spacing of dens and from aggression convinced Broadbooks (1970b) that 

E. amoenus was territorial and Dunford (1970) concurred with this opinion 
for T. striatus because of a reversal of dominance with distance from the 
den. Localized aggregations of chipmunks near abundant food supplies 

have been recorded (Yerger, 1953; Shtil'mark, 1967). The various biotopes 
available to the population must be embraced in a study of home ranges 
because differences in relative densities may not accurately reflect 
differences in density throughout the total population. 

Age-specific mortality may be calculated from differences in the 
proportions of the population found in adjacent age classes. Postpartum 
development has been studied in litters of H. qamoenus (Broadbooks, 1958), 
long-eared chipmunks #. quadrimaculatus (Wadsworth, 1969), Townsend's 
chipmunks £. townsendii (Forbes and Turner, 1972) and &. minimus (Forbes, 
1966a). Determination of absolute age is difficult in most species and 
investigations of #. mintmus are limited to that of Forbes (1966b) who 
used a combination of tooth eruption, tooth wear and cranial measurements 
to separate his population into three age groups, but gave no indications 
of age-specific mortalities. Shtil'mark (1967), using “tooth wear and 
certain other indicators" on a sample which included some animals of 
known age, determined how many times each individual had overwintered. 

He showed that a single cohort can predominate throughout several years, 
suggesting variation in both age-specific and annual mortalities. 

The component age classes may provide differing contributions to 
the population within one breeding season. Differences in absolute 
numbers and reproductive success can also exist between consecutive 


years. Both Sheppard (1965) and Vaughan (1969) reported that not all 
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females breed as yearlings and the former noted that "considerable 
variation between years is apparent."’ No information exists concerning 
differences in breeding success in females of two years or older. 
Sheppard (1965) also found that prenatal mortality was higher in litters 
carried by yearlings than in those carried by older animals. A differ- 
ence in the reproductive success of the population as a whole has been 
noted between years by Shtil'mark (1967). 

Unless other factors maintain the level below that which could 
ever be affected by depletion of the available food resources, a 
population must be limited by its food supply. Food is more likely to 
become limiting for a monophagous or stenophagous species, but will 
eventually reach that stage for even the most polyphagous at high 
population levels. Feeding habits in chipmunks are well documented 
(Howell, 1929; Allen, 1938; Criddle, 1943; Tevis, 1952; Yerger, 1953; 
Broadbooks, 1958; Shubin, 1962; Snigirevskaya, 1964; Forbes, 1966b; and 
others) and may be broadly classified as opportunistic and predominantly 
granivorous. With the exception of Shtil'mark (1967), no correlation 
has been demonstrated between food supply and population levels in chip- 
munks, although this relationship has been shown for other species 
(e.o.,a:Leopold e7,.al.n00.947) . 

Weather is known to affect vegetative growth (Braestrup, 1940; 
Kalela, 1962) and to influence animals directly by means of thermal 
stress. If the affected vegetation is important quantitatively or 
qualitatively then its depletion will result in a nutritive stress on 


the animal population. 


That thermal stress on small mammals at higher latitudes occurs 
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with cold weather has been known for many years. "The winter proved 

cold and stormy; but the quantity of snow which fell was extremely small. 

This circumstance was the means of ridding us of the countless swarms of 

mice which hitherto (1838) infested the land... . At present (1839) 

not a single one is to be seen" (Hebron, in Elton, 1942; p. 322). 

Chipmunks, however, are hibernators (Cade, 1963; Jaeger, 1969) and avoid 

the surface during the coldest period. The structure of the hibernaculum 

has been recorded (Criddle, 1943; Snigirevskaya, 1962), but its micro- 
climate during winter is unknown. Broadbooks (1970b) considered 
hibernation to be "the safest time in the life of the chipmunk" (in 
central Washington) with a survival rate between October 1946 and May 

1947 of 96.9%. The importance of climatic conditions in spring was 

emphasized by Vaughan (1969), but thermal stress in summer and fall may 

also play a role in the determination of survival and reproductive success. 
The present study of Eutamias mintmus borealis, then, is an attempt 
to determine: 

1. Whether or not the population level remains constant or fluctuates 
inesize; 

2. Whether any observed changes in population size are synchronous with 
changes in other species of small mammals being studied in the same 
area; 

3. Demography in the population (i.e. changes in reproductive and 
mortality rates between age classes and between years); and 

4. A mechanism which could explain any observed changes in population 


levels. 
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MATERIALS AND METHODS 


Mapping 

Each of three live-trapping plots was divided into a grid pattern 
by the use of stakes 30.5 meters apart. This enabled capture points to 
be assigned reference numbers and mapped accurately. 

Analysis of vegetation was conducted on each plot in 1971, species 
identification being determined with the aid of Moss (1959). The large 
grid squares were divided into smaller squares with sides 7.6 meters 
long and plant distribution was recorded by noting the presence or 
absence of each species in each small square. An estimate to the nearest 


ten percent was also made for each species in each small square. 


Live-Trapping 

Trapping was accomplished by using 23 cm x 7.6 cm x 7.6 cm aluminum 
Sherman live-traps. Several baits were tested in 1967 in order to obtain 
the best results. These included sunflower seeds, raisins, almond oil, 
clove oil, oil of anise, lab-chow, and peanut butter both alone and 
mixed with bacon fat and rolled oats, and various combinations of those 
baits. Traps were also set with no bait at all and with mirrors placed 
at the closed end. Cardboard funnels were used to test the effect of 
variation in entrance size. Terylene fiber insulation was placed inside 
traps throughout all trapping periods in order to provide protection 
against cooler weather. In mid-summer branches were placed over traps 
which were not shaded by the vegetative canopy. 

As the position of the trap seemed to be more important than the 
bait used and the entrance size, peanut butter alone was used on 


unmodified traps in subsequent summers. Traps were open continuously 
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and were checked in mid-morning and again in late afternoon. They were 
moved on each - plot four times at approximately monthly intervals and 
were generally placed on top of or at the ends of fallen logs. 

One hundred traps were set each year on Plot A, while Plots B and 
C were investigated with 25 traps each. Distances between traps varied, 
but averaged approximately 5 meters. Numbers of traps anc. the trapping 
period each year are summarized in Table 1, and the numbers of traps 
each year in different vegetative associations on the plots are shown in 
Appendix I. 

In 1970 and 1971, 20 of the 100 traps from Plot A were located just 
south of the plot in order to detect any immigration or emigration. 
However, all animals captured in those traps were subsequently, or had 
been previously, caught on the plot. The remaining two sides were 
bounded by convergent creeks although this probably did not provide a 
Significant barrier because a number of natural bridges had been formed 
by fallen trees. The level of the creeks fell to a trickle in late 
summer and it is probable that no obstacle would be presented at that 
time. Swimming has also been recorded for chipmunks (Wilber and 
Weidenbacher, 1961). 

All trapped animals were removed from the plots after the beginning 
ors Augcust 19 7.1. 

Between 7 May and 15 September 1969 a further 20 traps (total: 
2,600 trap-days) were set at milepost (M.P.) 79 of the Mackenzie Highway 
in a small, previously-burned area of jackpine Pinus bankstana which was 
estimated by annual ring counts to be 10-11 years of age. This estimate 
was supported by evidence from the Mackenzie Forest Service that the area 
had been burned 12 years previously. In contrast to the more mature 


trees located on the plots, the majority of those trees bore open cones, 
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revealing a release of seeds. 

Sex was determined for each captured animal by measuring the 
perineum. Animals were then weighed and measurements were made of hind 
foot, tail and ear lengths. Reproductive condition (i.e. number of 
nipples apparent and presence of enlarged or lactating teats) was 
recorded for females. Testes were generally not obvious in males. Each 
animal was individually marked by toe-clipping in a 1-2-4-7 combination 
and was released at the point of capture. Individuals obviously under 
thermal stress from extremes of temperature while in the traps were 
retained in the laboratory until they were sufficiently recovered and 
were then released. 

In an attempt to assess the proportion of the population that was 
actually trapped and to attempt to locate home burrows, visible markings 
were placed on all individuals captured on the plots in 1968. These 
markings consisted of fluorescent paints sprayed on the tails, fur 
clipping, and dyeing the fur with Nyanzol D, Bouin's fluid and Gentian 
violet, as well as use of plastic collars of various colors. The collars 
were similar to those used for banding birds by Coulson (1963). 

Females captured off the plots in early summer 1967 were maintained 
in cages approximately 30 cm x 60 cm x 30 cm for the duration of summer 
in order to determine birth dates of juveniles. Diet consisted of Terns 


chow and local vegetation and berries. 


Autopsy 
Chipmunks were collected for autopsy wherever possible, so that no 
temporal pattern exists in this sample. Most were shot with either a 


.410 shotgun or a .22 rifle, while others were snap-trapped. All animals 


she belles pil arenkws = sal 1 sng aneiages + Re 
ioeS J eptact nt eootvdo Jon yliexensg st8¥ assast .eelems? suki : 
nokta liines Soi<Sel 0 Gt sndqqtis~ses YH hedsge yilaebivlbet eaw temton 7 
=sbau ¢avotude alaubivibel .studjqes do jateoq sf) 28 baessied | baa 


Syew syats o9 af altiw s1y3exeqmey jo aSmewixe mex? easize eer 


bad betavogsy Yidustottive sisw yess Litany eacderadee add al netibeae 2 
oi” 

-bsussioz watt | me 

P 7 
) at 
egriezem aldtaly (ewourd smod siscal of sqamaie of bas heqqast vLinuson 3 
sesftT .80C! mt esole ons ap baxosqoo elewbivibat ifs ao. beoalg si8 : 
aw? ,aiies arg ao) bsyscge esning inasastoul? to badatenns ee 


; 7 
s'irkuoh .a losnav¥ ditw ru? oda garsyb Oae saatqqiio 


gav gadd aotisluatq edi tn nottzogorq siz easRes oF 3qmevie as al 


natiqs) bie biel 
‘ 


etaifos aft .ésolys evolrav 2o| erelion otsaslg jo say an Liew us aslo 
’ 
-{€08L)Y goeinw) yd ebatd potboed 101 hsew geods oF aaliets stow 


ie 
basta d aim siaw (sel sxommie ylias at B20 Sq aio 30 batutge> talamet y 


, a 


aseme 9¢ sodsarub orig rot to GE x oo Ue x mo OL vi stamkxongge a9 geo a" > 7 
eaies 36 badetenos tela ybolbagvat to seieh david of imvereb oF rahad at 2 


Pe > 


f »ssisxod bas notsatsgev Isool baa yoo 


, a od dons on ,aldiaedg savaTodw veal 3101 bessslles stew ani | 
gg teats does Sowa sz40 ten vofgae oh ed etelxs cradieg Le 


‘ i. 


a pees int aly he 
< , 
an ees 


12 
dying due to thermal stress during live-trapping were autopsied and 
added to the sample. No collection was made within 1.6 kilometers of 
any of the live-trapping plots. 

Standard measurements were taken from all freshly-killed animals. 
Reproductive condition was recorded as in the live sample, and the 
approximate position of the testes was recorded as scrotal, abdominal 
or inguinal. The contents of cheek pouches were examined and the 
numbers of each species of seed were recorded. A small reference collec- 
tion of seeds from local species, subsequently discarded, was used to 
determine the contents of cheek pouches. Seed identification was 
verified by members of the Department of Botany, University of Alberta. 

Foods eaten by E. mtntmus were examined by stomach analysis. 
Stomach contents were identified with the aid of Dyke (1971) and by 
comparison with a reference collection of available foods which had been 
chewed by the investigator to the approximate extent of the stomach 
contents. Stomach weights varied widely, depending upon the time lapse 
from the previous meal, and were not recorded, but species composition 
was estimated to the nearest 10 percent. 

The contents of testicular seminiferous tubules were examined at 
the Heart Lake laboratory by piercing testes with a scalpel and examining 
the tubule contents microscopically in a drop of water in order to see 
whether spermatozoa were present. After length and width had been 
measured to the nearest 0.1 mm, testes were preserved in Bouin's fluid. 
Seminal vesicles were designated merely as "large" or "small."' In 
females the presence of corpora lutea, embryos or placental scars was 


recorded in fresh, uncleared reproductive systems which were subsequently 
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ie 
fixed in Bouin's fluid. Testis and ovarian weights were taken after a 
minimum fixation of seven days. Ovaries were embedded in paraffin wax, 
serially sectioned at 10 u and stained with Harris' haematoxylin and 
eosin in order to count the number of corpora lutea. 

Following air-drying and cleaning by dermestid beetles, skulls 
were measured with vernier calipers to the nearest 0.1 mm. The measure- 
ments made were total length, zygomatic breadth, occipitonasal length 
and interorbital breadth. 

Annuli of denser bone in the lower jaw have been used for age 
determination in pikas (Bernstein and Klevezal, 1965; Millar and Zwickel, 
1972) and in the hedgehog (Morris, 1970). These rings also appear on 
the labial side of the mandibular diastema of #. minimus, and each skull 
can be assigned an age based upon this criterion. Lower jaws were 
divided at the symphysis and one dentary was placed in R.D.O., a commercial 
decalcifying solution (Du Page Kinetic Laboratories Inc., Downers Grove, 
I1l.). After embedding in paraffin wax these decalcified dentaries were 
sectioned at 10 yp in the region of the diastema and stained with Harris' 


haematoxylin. 


Burrows 

Four burrows were located in sandy localities suitable for 
excavation after searches had been made in areas where chipmunks were 
known to be relatively common. A hand trowel was used to remove soil 
cover after a very thin suspension of Plaster of Paris had been poured 
into the burrow in order to trace its ramifications more accurately. 

As visual tracking of animals to their burrows proved unsuccessful 


in 1968, radioactive tagging with Tantalum-182 wire was used in 1969 
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14 
and 1970. The platinum-covered Ta-182 wire was cut into pieces approxi- 
mately 3 cm long, having a radiation value of about 300 u-curies, and 
was glued on plastic neck collars. These collars were not ideal in that 
the thickness of the neck varies during summer due to growth, at least 
in juveniles. A tight collar caused irritation and fur loss while loose 
ones tended to become snagged in foliage. 

Tagged chipmunks were followed with a portable survey meter 
(Model 420S, Baird Atomic, Cambridge, Mass.) as the source was clearly 
distinguishable at a distance of 7 meters. This proved particularly 
useful when visual observations were obscured due to brush, stone or log 
obstructions, and allowed successful tracking of some animals to small 
areas where several possible burrow entrances were evident. Small pieces 
(5 cm x 5 cm) of kymograph paper smoked with oil fumes were placed 
against the entrances and spare traps set nearby. Recapturéd animals 
were released at the "active" entrances, where they drew thermistors 
down the burrows according to the method of Hayward (1965). The only 
modification of Hayward's method was coating the thermistor and lead with 
a solution of R55 (tertiary-—Butylsulphenyl-dimethy1l-dithiocarbamate, 
Phillips Petroleum Co., Bartlesville, Okla.), a rodent repellent, in 
order to discourage chewing on the leads. 

With the aid of a portable telethermometer (Model 42SC, Yellow 
Springs Instrument Co. Inc., Yellow Springs, Ohio), microclimate 
temperatures were measured throughout the winter of 1969-70. Five 
burrows were investigated - one in a sand base and four in cracks in 
limestone. 


Four artificial burrows were constructed near Heart Lake in 
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summer 1969. Each had an above-ground cage which was connected by a 
sloping tunnel, formed from 8 cm diameter plastic pipe lined with Plaster 
of Paris and sand for traction, to a "nest chamber" set 25 cm below 
ground level. Terylene insulation was placed in a shaft between the 
removable lid of the subterranean box and the lid of the shaft. The 
shaft itself protruded above ground for approximately one meter. Two 
artificial burrows were set in sandy soil and two within gravel as it was 
not possible to set them in limestone. Thermistors were placed within 
the chambers so that microclimate temperatures could be recorded in these 
artificial overwintering sites. Visible access into each "hibernaculum" 
was possible via the shaft in order to detect hibernation and arousal 


times as well as to observe feeding periods. 


Hibernation 

During winter 1971-72 varying amounts of food were provided for 
chipmunks in a 5 C coldroom. Four male animals received maintenance food 
only (10 g of sunflower seeds per day); two of these animals were supplied 
with caches without their having to collect them while the other two were 
examined twice weekly to ensure that seed hoarding did not occur. A 
further four males received food ad libitum; two of these were allowed 
to secret a cache while the other two had all hoarded seeds removed. 

Eight other chipmunks, of various ages and sexes, were placed in 
the same coldroom with ad ltbitum food. All animals were kept in darkness 
in an effort to induce hibernation. Hibernating animals were sprinkled 
with sawdust and examined daily in order to see whether arousal had 
occurred. 


Using a paramagnetic Oxygen Analyser (Model F3, Beckman Instruments 
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Inc., Fullerton, Cal.), oxygen consumption was measured in both hibernat- 
ing and non-hibernating chipmunks in laboratory coldrooms during the 
winters of 1970-71 and 1971-72 in order to investigate the energy needed 
for overwintering. The respiration chamber was placed within a darkened 
coldroom and connected to the analyser, which was at room temperature, 

by plastic tubing. Oxygen requirements for 24-hour periods were calculated 


for various ambient temperatures approximating those in the field. 


Energy Available During Winter 

Examination of the contents of cheek pouches of chipmunks in the 
autopsy sample indicated the probable foods stored near Heart Lake, 
although neither absolute nor relative quantities can be determined in 
this manner. Seeds of those species were collected by gathering mature 
fruits in summer 1971. Following washing and air drying, calorific values 
of the seeds were calculated using an adiabatic bomb calorimeter (Parr 
Instrument Co., Moline, I1l.). Both acid and sulphur corrections were 


performed on four replicates of each species. 


Statistical Procedures 

Numerous statistical texts were consulted for analysis of data, 
although Moroney (1951), Bailey (1959), Steel and Torrie (1960) and 
Sokal and Rohlf (1969) were used most commonly. Probability values of 


0.05 or less were considered significant. 


THE STUDY AREA 


The area selected for this study of the little northern chipmunk 


Eutamtas minimus borealts was located near the University of Alberta's 
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Heart Lake Biological Research Station (60° 52' N, 117° 22' W). The 
laboratory is located near the northern limit of continuous boreal forest 
which has been described by Rowe (1959). Maps and a physiographic 
description of the area under consideration are given in Fuller (1969) 
and Fuller et al. (1969). 

Specimens for autopsy were collected in the forest bordering the 
Mackenzie Highway between Enterprise (M.P. 52) and the junction with 
Great Slave Lake Highway (M.P. 117), and along the latter highway to the 
Mackenzie River (M.P. 15), with the majority being obtained between mile- 


posts 70 and 95 on the Mackenzie Highway. 


Live-Trapping Plots 

Minor variations in habitat occur throughout the boreal forest, 
with localized mosaics of vegetative association existing in areas of 
differing moisture regimes or areas of disturbance. In order to examine 
several of these habitats three plots, designated A, B, and C were 
established for live-trapping at the beginning of the study in 1967. 

Plot A (Fig. 1) is an irregular but roughly triangular area of 
6.4 ha (15.8 acres) with a slight slope toward the northeast situated 
between two confluent creeks at M.P. 85 of the Mackenzie Highway. Near 
the confluence is a small gravelly bar covered with sparse black spruce 
Picea martana, but subject to occasional spring inundation. Further 
from the creek the plot is typical muskeg with black spruce and larch 
Lartx larteina and an understory of Labrador tea Ledum groenlandicum 
and mosses Sphagnum spp. and Hylocomium splendens. A sandy rise towards 
the southwest is dominated by jackpine with invading white spruce Picea 


glauca and a shrub layer of predominantly buffaloberry Shepherdta 
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Vegetative associations on live-trapping plots. 


Figure l. 
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canadensis, wild rose Rosa acitcularis and shrubby cinquefoil Potentilla 
fruticosa with some juniper Juniperus communis. Bearberry Arctostaphylos 
uva-urst, bog cranberry Vaccinium vitts-tdaea and bastard toadflax 
Geocaulon ltvidum with some lichens Cladonta spp. dominate the forest 
floor. Disturbed parts of the sandy rise are generally occupied by small 
balsam poplar Populus balsamifera and wild rose with bearberry, bog 
cranberry and grasses Calamagrostits spp. covering much of the ground. 

Plot B (Fig.:.1) is 2.6 ha (6.4 acres) in size, and is set on an 
area of limestone gravel overlain by topsoil between 10 and 60 cm 
(4 - 24 in)in depth. It is located at M.P. 82 of the Mackenzie Highway. 
Approximately one-third of the plot, which has a slight southwest slope, 
is covered by jackpine with invading white spruce and is similar to the 
drier parts of Plot A or to Fuller's (1969) Plots V and VB. A further 
third is covered with a mixed canopy of jackpine, white spruce and aspen 
Populus tremulotdes, with occasional birch Betula papyrtfera. Most of 
this portion has a dense understory of alder Alnus crispa with some high 
bush cranberry Viburnum edule, buffaloberry and wild rose. The forest 
floor here is well covered by alpine bearberry Arctostaphylos rubra, 
bearberry and bog cranberry. The final third of Plot B has been quarried 
for limestone and contains balsam poplar with occasional grasses, bear- 
berry and wild strawberry Fragaria virginiana. 

Plot C, of 3.4 ha (8.3 acres), is located on a flat area near the 
Heart Lake Fire Tower and has up to 10 cm (4 in) of topsoil overlying 
solid limestone. The plot, which is largely embraced by that used to 
study the red squirrel Tamiasciurus hudsonicus (Zirul and Fuller, 1971), 


has a fairly open canopy of jackpine with occasional alder and juniper 
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in the shrub layer. Scattered clumps of Sphagnum spp., Cladonta spp. and 
bearberry occur where moisture and soil permit growth. Most of the plot 


was similar to Zirul's (1970) landscape classification of "semi-open dry." 


Weather 
Temperature 

Maximum and minimum air temperatures were recorded daily throughout 
the study from a shaded thermometer approximately five feet above soil 
surface near the laboratory. Means of average daily temperature for 
10-day periods (1-10; 11-20; 21-end of month) are shown in Figure 2. 
Temperatures throughout the winter of 1966-67 are recorded in Fuller 
et al. (1969). Data are missing for the last period in December 1967 and 
for,slanuary 1968, but the coldest winter during the study, in terms of 
air temperature, seems to have been 1968-69. Spring temperatures (early 
May) were lowest in 1967 and 1968 and warmest in 1969, while autumn 
temperatures did not plunge significantly in any of the years. 

Provided that sufficient insulation in the form of snow cover is 
maintained during the coldest months (when the animals are in hibernacula), 
chipmunks are probably influenced more by air temperatures during their 
period of activity. The active period usually lasts from approximately 
mid-April until mid-October and hibernacula probably could provide 
protection during cold spells for several weeks immediately following 
and preceding hibernation. 

Means of daily average air temperatures for 10-day periods from 
May to September are shown in Figure 3. The mean temperature for those 
five months was lowest in 1968 (10.1 C, 50.1 F) and highest in 1971 


(13.9 C, 56.9 F). Means for May, the period of greatest plant growth, 
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Figure 3. 


Bar diagrams illustrating range, standard deviation and mean 
of air temperatures measured at Heart Lake laboratory. Ten- 


day periods (1-10; 11-20; 21l-end of month) from May to 
September are shown. 
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24 
weresnS C (425 F) gin 1967,44,9 C (40.8 F) in 1968, 7.30 (45.2 F) in 
1969, 6.7 C (44.0 F) in 1970 and 10.5 C (50.9 F) in 1971. Spring was 
delayed in May 1967 (see also Fuller et al., 1969) and was coolest in 
1968 which was then followed by the coolest summer. The warmest spring 
occurred in 1971 and was followed by the warmest summer during the 


study (Figs. 2 and 3). 


Precipitation 

Records of precipitation at the laboratory were sporadic and those 
shown for April-October (Fig. 4) are converted into 10-day totals from 
observations at Hay River (Paradise Gardens) (Environment Canada, 1967-71). 
The moderating influence of Great Slave Lake on the climate of Hay River 
has been discussed by Fuller (1969), and records from Paradise Gardens 
(16 miles south of the lake) were considered to more nearly approximate 
those near Heart Lake. 

In 1967 and 1968 most precipitation fell in mid-summer following 
relatively dry spring periods (Fig. 4). Both spring and summer were dry 
in 1969, with little precipitation until late August. After heavy spring 
storms which deposited a lot of moisture in the soil, both 1970 and 1971 
had dry summers. 

It can be deduced that the growing period for vegetation was best 
in 1970 and, to a slightly lesser extent, in 1971, with both warm 
temperatures and plentiful soil moisture, while spring in 1967, 1968 
and 1969 was drier and cooler. The fruiting period (July and early 
August) was cool and wet in 1967 and 1968, warm and dry in 1969, and 
warm with moderate moisture in 1970 and 1971. 


The insulative value of snow cover for small mammals has been 
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stressed by, among others, Formozov (1946), Coulianos and Johnels (1962) 
and Fuller et al. (1969). Insulation of this type may not be as 
important for chipmunks as it is for mammals like Clethrionomys which 

are active all winter (Stebbins, 1971), but could conceivably affect 

the temperature in the hibernaculum. Snow depth was measured on Fuller's 
(1969) Plot I which, at M.P. 83.6 of the Mackenzie Highway, is approxi- 
mately midway between Plots A and C in this study (Fig. 5). Because 

the station was unoccupied in 1967-68, figures from the Hay River airport 
(Environment Canada, 1967-71) have been used for that winter. Lack of 
snow measurements at Paradise Gardens necessitated use of the Hay River 
data. 

Snow depth at the end of each month is roughly the same for Hay 
River and the Heart Lake area (Fig. 5). A considerable difference 
occurs between years, with a deep snow cover for the coldest months of 
winter 1966-67, a smaller amount in the winters of 1967-68 and 1968-69, 
and a shallow cover in 1969-70 and 1970-71. The "heimal threshold" of 
about 20 cm (Pruitt, 1970) was exceeded by the end of October in 1966, 
the end of November in 1967, 1968 and 1969, but not until the end of 
December in 1970. 

Temperature at the soil surface was monitored near the Heart Lake 
laboratory for each winter except 1967-68 by the method outlined in 
Fuller et al. (1969). The lowest subnivean temperature in winter 1966-67 
was -9 C (16 F) (Fuller et al., 1969). In 1967-68 there was "no snow 
until the end of October" (William Clark, pers. comm.) and only 18.5 cm 
by December 6, 1967, so that a poor insulative snow blanket can be 


assumed in early winter. Insulation was probably better in 1968-69, 
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Figure 5. Snow depth at the end of each month at Hay River (Airport) 
(hatched bars) and on Fuller's (1969) Plot I (open bars). 
Values for winter 1967-68 on Plot I are adapted from Fuller 
etal. (1.969). 
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28 
with a minimum subnivean temperature of -14 C (7 F), and in 1969-70 when 
the minimum was -12.5 C (9.5 F). Snow depth in 1969-70 was relatively 
low, but air temperatures (Fig. 2) were generally mild. In winter 1970-71 
snowfall was very light and the minimum subnivean temperature was -19 C 
(-2 F). Minimum subnivean temperatures were measured every two weeks on 
Fuller's (1969) Plot I and were generally slightly lower than those 
monitored at the laboratory although annual differences were similar to 
those near the laboratory: -9 C in 1966-67, -18 C in 1968-69, -15 Cin 
1969-70, -24 C in 1970-71. In 1970-71 the minimum subnivean temperature 
was recorded on December 1, before the heimal threshold was exceeded, 
whereas in other years the minima were recorded at the end of January or 
in mid-February when the heimal threshold had been exceeded. Winter 
insulation, then, seems to have been best (warmest) for sibnivean animals 
in 1966-67, moderate in 1968-69 and 1969-70, and poorer in 1970-71 and, 


prebably, 1967-68. 


RESULTS 


Live-Trapping 
Comparability of results 
Sightings of marked animals on the plots were too infrequent for 
an accurate determination of the percentage of the population caught in 
traps. However, as sightings of unmarked animals fell to zero and as 
no new animals were captured at the extremities of the trapping periods, 
it would appear that at least a very large proportion of the population 


was trapped and marked. 


The duration of trapping was not consistent (Table 1) so that 
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differences in numbers trapped each year could be a consequence of the 
period of trapping. Initial captures within 10-day periods throughout 
the five summers were most common in late July and early August (Fig. 6). 
In 1968 and 1969 trapping extended beyond the time spans shown, although 
no new animals were captured. 

The only time span common to all years is the period (taken to 
the nearest 10-day division) from June 20 to August 31 (10,800 trap-days). 
The numbers of animals trapped each year within this 72-day period are 
shown in Figure 7, as are the total numbers trapped each year. Chi-square 
tests between points for each year show that the total numbers of chip- 
munks trapped for each year are not significantly different from the 
numbers trapped each year between June 20 and August 31. Actual numbers 
trapped, then, result from a real difference in trapping success and not 


from a difference in the periods trapped. 


Trapping success 

Considerable variation in trapping success, including both initial 
and total captures on each plot, was encountered both between years and 
between plots (Table 2). From a high of 71 individual animals in 1967, 
the pooled population on the plots declined to a low of 18 in 1970 before 
recovering slightiy in 197i. "The a sePane number of individuals captured 
per 100 trap-days varied from a minimum of 0.106 in 1970 to a maximum of 
0.645) 158 196 /.. 

Plot B allowed the greatest success in trapping (although not the 
highest population for the whole plot), followed by Plot C and Plot A. 
These differences are probably due to the different numbers of traps 


used on the different plots as well as to physiographic dissimilarities 
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Figure 6. 


SEPT 


JULY 


MAY JUNE AUG 


Numbers of individual chipmunks captured for the first time, 

in 10-day periods (1-10; 11-20; 21l-end of month) throughout five 
years. Horizontal lines represent the time spans when all three 
plots were being trapped. Trapping continued beyond September 10 
in 1968 and 1969. 


raze * aA 


Sakata eae pa ies ‘bea aan 
A 13% vngidia Loukivibrh 30 dau 
saad) (s9nom io haseIS jON-LL ;Olel) Bbotrag ‘eb-al ok 


ee 


804 


O O= Total captured throughout 
70 O trapping period 
7 (Ce e= ae []= Captured between 
June 20 and August 31 


SIZE 


.> 
—| 


POPULATION 
Cad 
ae 


NO 
oo 


104 


1967 1968 1969 1970 1971 
YEAR 


Figure 7. Total numbers captured on all three live-trapping plots 
(unbroken line) and numbers captured each year between 
June 20 and August 31 (broken line). 


33 
between the plots. The two smaller plots (B and C) probably had a 
greater proportion of non-residents included in their total numbers of 
captures as these two plots were considerably smaller than Plot A and 
none of the plots had restrictive boundaries. 

The average number of captures per individual was generally higher 
on Plots A and B (3.22 and 2.42 respectively)« than ion Plot C (1.76). 
Excluding those animals captured only once, the average number of 
captures per individual was 5.11 on Plot A (N = 53), 4.04 on Plot B 
(Ni=928) “and 1.92 om Plot C (N = 12). The proportion of transients in 
the population was apparently greater on Plot C, whereas slightly more 
fessidents were capttiredjon Plot ASthan Plot B. Plot A is almost 25 
times larger than Plot B and the difference between the average number 
of captures on these plots may be caused by a larger proportion of 
captures on Plot B of animals from outside the plot but which have home 
ranges only very occasionally allowing capture within the plot's 
boundaries. Plot C was set on a limestone substratum and possibly a lack 
of suitable sites for burrow formation prevented an abundance of permanent 
residents, although the food supply would have been expected to attract 
some transients. 

In 1969 no chipmunks were captured during 2,600 live-trap-days in 
an area of young, seed-releasing jackpine near Heart Lake, suggesting 
that the population here was no higher than, and, possibly, lower than 
in areas of no seedfall such as Plots A, B and C. Trapp:ng was conducted 
in that area because jackpine is known to produce a variable seedfall 
with larger crops every three to six years, although no seeds are 


released, while younger trees release seeds every year (Crossley ,1956; 
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Table 3. Summary of total numbers, sex ratios and trap-deaths of 
chipmunks live-trapped on the study plots. The numbers 


in parentheses refer to deaths in the traps 


Year oo" ole) Mois % trap-death Probability* 
1967 35 36 71 Nase 
(Ge) (5) (6) 8.4 
1968 35 18 58 =<) 5025 
(8) (3) (Gi) 20.8 
1969 18 10 28 N.S. 
(6) (3) (9) BOL 
1970 10 8 18 N.S. 
(4) (3) sags he) 38.9 
1971 14 7 orf nes 
(7) (2) CT) 5553 
Total ans) 78 191 20.9 
(26) (16 ) (42 ) 


*Sex ratios compared by Ko) test. 
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35 
Anonymous, 1965). The very low numbers of animals captured in 1969 
probably obscured any meaningful results but seedfall from the trees 
would not appear to influence population size near Heart Lake although 
such is thought to be the case in the Siberian chipmunk (Shtil'mark, 
1967). However, those seeds are much larger than the ones on the trees 


near Heart Lake. 


Trap deaths 

A large: proportion (which ranged from 8 to 39 percent) of live- 
trapped chipmunks died either in the traps or as a consequence of 
trapping (Table 3). This mortality was due to thermal stress and 
occurred mainly in early spring and late autumn when terylene inside 
the traps provided insufficient insulation (Appendix II). However, 
several deaths occurred in mid-summer when branches providing shade were: 
blown away so that the trapped animals died of heat prostration. The 
effect of this mortality on population levels on the plots in subsequent 


years is discussed in a later section. 


Sex ratio 

Except for 1968, when a significant excess of males was trapped, 
sexual parity was observed in live-trapped animals (Table 3). Males 
were captured more frequently than females in all years except in 1967 
when the numbers were almost equal. Male rodents are generally con- 
sidered to be more exposed to trapping and shooting because they normally 
travel greater distances than females and at certain times of the year 
(e.g. during lactation) are more active than females (Stickel, 1954; 
Beer et al., 1958), so that some disparity favoring the capture of males 


is to be expected. However, the large difference in 1968 can not be 
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36 
attributed entirely to a trapping bias because of consistency in trapping 
from year to year. 

If captures in 1968 are analysed for each plot separately a 
difference in sex ratio is apparent. Plot A produced a total of 10 
females (3 adults; 7 juveniles) and 22 males (8 adults; 14 juveniles). 
Plot B produced four females (3 adults; 1 juvenile) and 13 males (4 adults; 
9 juveniles) and Plot C produced four females (2 adults; 2 juveniles) but 
no males. A change in age structure of the population, provided that sex- 
and age-specific mortalities both apply, could alter the sex ratio. 
Juveniles comprised 62% of-the live-trapped sample (Table 4), a figure 
no higher than injotherjyearss Pilot A had 6/.54 juveniles and Plot B 
58.84, while 50.0% of the captures on Plot C were juvenile. Thus, 
unless the sex ratio in juveniles was heavily biased toward males, the 
difference would not be due to a change in age structure. 

The greatest percentage of males in 1968 was captured on Plot B 
G/5.04) -awiti 06.07 on Plot Agand no: males on Plot ¢. 1lfgtood was an 
better supply on Plots A and B, males would probably tend to congregate 
there to a greater extent than females because of their generally 
greater mobility. Another possibility is that overwintering survival 


was higher, especially in males, on Plots A and B. 


Age structure 
Juvenile chipmunks first appeared in the traps each year in mid- 
July (Appendix II). Growth was rapid and hind foot, tail and ear 
lengths quickly approached those of overwintered animals so that, by 
late summer, such measurements were of no value in determining age. On 


the basis of body weight and head size, however, it was possible to 
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separate animals which had not overwintered (i.e. juveniles) from those 
which had overwintered once or more, although weight changes throughout 
summer allowed no single separation point. Age determination of over- 

wintered animals was not possible in the live-trapped sample and all of 
these were classified as adults. 

The proportion of juveniles in the live-trapped population varied 
slightly each year with a slight increase in 1970 and, to a smaller 
extent, in 1971 (Table 4). This could suggest that either breeding 
success or the survival of very young animals was higher in the last 
two years of the study. 

The percentage, although not the actual number, of live-trapped 
juveniles increased with decreasing population size, although that 
correlation was not statistically significant (Spearman's coefficient 
of rank correlation R, em OLI y t= selon OO er 400) eos hieLani ys 
there was no statistically significant difference in the ratio of 
juveniles to adults in any year. Data are scant so that the exact nature 
of any relationship remains equivocal, but an indication exists (Table 4) 
that a threshold, above which juvenile presence does not decline further, 
may occur at a total population level of 20-30. Conclusions inferring 
density-dependance on the basis of correlation, however, must remain 


suspect (Eberhardt, 1970). 


Density 


As was shown in terms of trapping success (Table 2), Plot B appears 
to have been the type of habitat best suited to chipmunks and was 
subject to least fluctuation in gross density (Table 5). In general, 


Plot B contained a younger successional stage and displayed the greatest 
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Table 5. Gross density of chipmunks captured on the study plots. 
PloteAss) nehers!togthat portion of Plot. Ai.covered 


by a jackpine-white spruce association 


Number of animals per hectare 


Year 
Plot A Plot A’ Plot B Por iG Total 
(6:45 ha) G30. ha) @a6, ha) (3-4 fa) G2 4 na) 
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1968 5.0 LOG 645 ale g2 de: 
1969 Lo 3350) hes i 3)55) De 3 
1970 0.93 Za Sail eZ jars, 
19 7-1 Di) ee Doe Ome EA) 


Average 3.04 6.50 4.62 1.94 3.06 


.#jolq vine sit oo bawdiqso einumgizis to yitensh eeo1D ¢¢ 
| its 
bsveyuo A Jol? lo notjaeg send oF e18I54 "A told 


nolisinovas souTqe oshdt-oniqdvel 6s ed 


ee 


s103990 t3q alemine Jo xesdnuu 


fgsot ) yaly 4 3014 ‘4 304 a : 
fad 4.85) (ad &.f) (asl oyS) (sd 0.8) (af 4.8). 


ere nc —e 


. 2 2.€ 1.8 ¥. Sf 2° 5 


| 


40 
floral diversity as well as possible edge effects, so that a greater 
production of chipmunks was not unexpected. Non-limiting boundaries on 
all plots almost certainly allowed recapture of non-resident animals, 
especially on the smaller Plots B and C, so that estimates of gross 
density are probably inflated, but comparisons of pooled data between 
years should show a relative error allowing comparison to be made. 

Much of Plot A proved to be habitat unsuitable for chipmunks and 
all animals captured were found in the area of jackpine-white spruce 
or on the early successional areas (balsam poplar) with only occasional 
captures being recorded in the black-spruce sphagnum section by individuals 
which were previously captured in jackpine. Jackpine covered approxi- 
Mately half (3.04 ha, 7.52 acres) of Plot A, and that portion supported 
a density usually greater than either of the other two plots (Table 5). 
Plot B was considered to be too small to be subdivided in terms of 
vegetational differences and no definite preference for any section of 
the plot was found in captures (Appendix II). 

A certain amount of variation exists between habitats. The jack- 
pine-white spruce community was normally best, with mixed jackpine- 
white spruce-aspen-birch supporting a lower density of chipmunks. 
Densities in the jackpine-alder-juniper community (Plot C) were usually 
lowest. However, in 1969 Plot C supported the greatest density and also 
had an increased temporal occupancy--an average 2.5 captures per chipmunk 
versus single captures in most other years (Table 2). 

The density in the jackpine-white spruce half of Plot A was exceeded 
by that on roy B only in 1970. This increase was probably due to an 


abundant crop of berries (particularly buffaloberry) on Plot B in that 


year. 
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42 
Differences between years reflect the general decrease in population 


size from 1967 to 1970 and the slight population increase in 1971. 


Home range 

Estimates of home range should be based upon 15 to 20 captures 
(Broadbooks, 1949), although Sheppard (1972) used a minimum of only five. 
Recaptures in the present study were infrequent (average: 2.72 captures 
per chipmunk) so that an accurate determination of home range was not 
possible. 

Only four adult females were captured three or more times on Plot A 
in 1967 and those females had minimum home ranges of 0.5, 0.3, 0.1 and 
0.3 hectares (average: 0.3 ha, 0.7 acres) (Fig. 8B). Some overlap of 
ranges occurred, while other females had single captures or one recapture 
within these home ranges; the ranges would thus appear to have undefended 
borders. A single female minimum home range of 0.8 ha (2.0 acres) could 
be determined in 1968 on Plot B. One adult male minimum home range 
(1.5 ha, 3.8 acres) could be calculated in 1967, and other males were 
captured within that area (Fig. 8A). Holdenreid (1940) also found that 
males tended to move over greater distances than females and Broadbooks 
(1970b) found adult male home ranges averaging 1.62 hectares in #. 
aqmoenus . 

Three juvenile females were trapped three or more times in 1967 
and their minimum home ranges (0.6, 0.2 and 0.4 hectares; average 0.4 ha, 
1.0 acres) were slightly larger than those of adult females and followed 
their general outlines but extended the borders (Fig. 8A). Juvenile 


males seemed to move long distances, but no minimum home range could be 


calculated: 
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Movement 

One female first trapped as a juvenile on Plot A in 1968 was 
recaptured off the plot 1.6 kilometers from the original capture point 
as a breeding adult in 1970. Other individuals were recaptured on the 
plots after being absent for more than one year or, in one case, two 
years. Animals were not trapped in the same locality in subsequent 
years, suggesting that movement to a new home range may occur each year. 

Immigration and emigration may occur during the summer, but as 
all chipmunks captured in the 20 traps just off Plot A were subsequently, 
or had been previously, caught on the plot, definite unidirectional 
movements could not be determined. All animals were removed from the 
plots in August 1971 and an extensive examination prior to snowmelt in 
Spring 1972 revealed that three animals had resettled Plot A. As the 
snow was approximately 60 cm deep when the chipmunks were collected, 
immigration probabily occurred before winter 1971-72, so that successful 
resettlement of an area can eit eet in fall. Age-determination 
(see later) proved that these three animals were yearlings, so that 


they probably resettled the plot when juvenile. 


Summer loss 
The length of time following initial capture during which adults 
and juveniles (summed over all years) were known to be alive (i.e. were 
recaptured) (Appendix II) was calculated (Fig. 9). More juveniles than 
adults were present in the sample, so that both actual numbers and the 
disappearance from calculated populations of 100 initial captures of are 
shown. Most juveniles and approximately half the adult chipmunks were 


captured only once so that the rate of loss from the plots was extremely 
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Figure 9. Actual numbers (Fig. 9A) and percentage (Fig. 9B) of adults 
(unbroken line) and juveniles (broken line) known to be alive 
at various intervals following initial capture and release. 


2TIUGA om—o 


2a JIMSVUL o--4-6. i 
= ‘- ed 

i oe 

if 

i AS i, o* 

as 2 

O- ote 


- a -a- - 82 
6-'0--0- -9<*0~--0- =O -0-°0- <0--0 }- 


: onnO 
Ome er cee Ge OO OD ee ee? ens eal 
| a pecan Sees wet , ee 
oa of oo oe oP i . ae 


23NVAVUL o----o 


i o 
W 
7 D8 

a ae 
oe ad 
; i oo 
o 3 
O=Be nae DAD ~O Be Bose ae . a 

5 =e o— 0-0-9 re 


ay 


- 


ov ok oe oa. 
| hich ea AAT 


y yt 
oe 


rotlaae ut b bn eon 7 
: oe * eft ol 


4 ste 7 


BN — a yi _ 


45 


high in the first few days. 

Juveniles appear to have been lost (i.e. to have died, emigrated or 
not been recaptured) at a faster rate than overwintered animals. There 
is no reason to suppose a difference in trappability between juveniles 
and adults as no summer torpor was observed in captive animals. The 
greater disappearance rate of juveniles must have been caused by either 
a greater mortality, an increased emigration rate or an :ncreased pro- 
portion of occasional captures of animals from outside the plots 
themselves. The mean time of occupancy of the plots was 6.10 days in 
adults and 1.35 days in juveniles. A X* test of independence (Steel and 
Torrie, 1960) had a value of 10.67, showing that adults remained on the 
plots significantly longer than juveniles. 

Mean times of occupancy of all chipmunks on the plots, calculated 
for each year except 1971 when removal of all animals invalidated this 
anatysis, were: %96/; 4:37 days; 1968, 8.41 days; 19609; 6.91 days: 
1970, 3.29 days. In order to test whether these differences were due 
entirely to differing proportions of juveniles, times were calculated 
taking into account the proportions of juveniles on the plots each year 
(Table 4); the meantimes of occupancy for the two age classes were 
assumed to remain constant (adults, 6.10 days; juveniles, 1.35 days). 
This allows mean times of occupancy of the plots as: 1967, 3.16 days; 
19685) 3..6sdays; 1969, 2.387 days; 1970, 2566 days, so that) annual 
differences in times spent on the plots were not entirely due to 
differences in the proportions of juveniles trapped. The higher rate 
of disappearance in juveniles could suggest that their mobility is 


greater than that of overwintered animals so that relatively more 


juveniles were captured. 
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If a large part of the home range was off the plots, occupancy of 
the portion being peices would be low. Times of capture and the lengths 
between recaptures (Appendix II) suggest that home ranges may be much 
larger than the minimum ranges shown in Figure 8. The small decrease ia 
mean times of occupancy : with decreasing population levels could result 
from an increase in size of these home ranges such that even less time 
was spent on the portions included in the trapping area. The return of 
marked animals after long absences (Appendix II) also indicates that 
portions of the "lifetime range" (Jewell, 1966) of some individuals lie 
on the plots and occupancy time would be expected to be short in many 


cases and fleeting in others. 


Autopsy 
Body weights 

Krebs (1964) used body weight in mid-summer as an indication of 
"cycles,'' with high body weights occurring only at population peaks. 
Mean body weights of all overwintered animals autopsied during the 
present study were calculated (Fig. 10 and Appendix III). Because 
there was no evidence of increasing weight due to fat deposition towards 
the ends of the collecting periods and because sample sizes are small, 
weights of all autopsied overwintered animals except those which had 
been maintained in captivity (Appendix IV) were used each year. Chip- 
munks were collected at various times of the year and in various 
vegetative associations with no apparent bias. 

Mean weights of overwintered animals (sexes combined) declined from 
1967 to 1969 with increases in 1970 and 1971 (Fig. 10). The difference 


was significant between 1967 and 1969 and close to significant 
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Figure 10. Changes in mean summer body weight of overwintered chipmunks 
throughout the study. Sample sizes are shown for each point. 
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50 
(0.05 < P < 0.10) when 1967 and 1968 were compared and when 1967 was 


compared with 1970 (Table 6). 

On average, females were heavier than males, although this was 
significant only in 1970 when the percentage of breeding females was 
higher than in previous years (Table 7). Sexes were separated (Fig. 10) 
in order to investigate whether changes in mean body weights occurred 
in both sexes. Few pregnant females were obtained in most years, and 
the proportion breeding was largely determined by the presence of 
placental scars. Mean body weights of all overwintered females in which 
the weights of placentae and embryos were subtracted from the weights 
of pregnant females did not vary appreciably from the mean figures 
without that subtraction so that pregnancies can not account for the 
annual changes. Similarly, no appreciable change was evident when 
chipmunks which had died in the live-traps and were generally lighter 
in weight were excluded from the total samples. There was no significant 
difference in body weights of females from year to year, while males 


showed a significant weight increase in the last year. 


Breeding season 
Copulation occurs soon after chipmunks emerge from hibernation 
(Criddle, 1943; Forbes, 1966a; Sheppard, 1969; Broadbooks, 1970a), and 
was observed only once during the course of this study--on 26 April, 

1969. Reimers' (1960) suggestion that copulation occurs in #. stbtricus 
before the females leave their burrows was disproved by Shtil'mark (1963). 
Births occur at the end of May or in early June (Forbes, 1966a) 

after a gestation period of approximately 30 days (Griddfe, 19433 


Clothier, 1969). Three pregnant females gave birth in captivity at 
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a2 
Heart Lake on May 29, June 5 and June 8, 1967. No pregnancies were 
recorded after the end of May, and lactation, revealed by the expression 
of milk from nipples, was not observed after the end of GUL vane comely 
Juveniles were first observed, either in live-trapping or in the 
autopsied sample, on: July 20, 1967; July 19, 1968; July 18, 1969; 


dityer, 1970 and auly 18, 19/71, 


Age determination 

Ingufficianteatepeics were performed on animals of known age to 
be certain ee a single annulus of denser bone on the diastema of the 
dentary actually corresponded to one year's growth, but the few animals 
in that category supported this assumption. Using this technique, the 
individuals autopsied were assigned to age groups (Table 7). 

No temporal pattern was common to the autopsied samples each year. 
For instance, in 1969, 33 chipmunks (41 percent of the total sample for 
that year) were collected before the appearance of the first juvenile, 
while in 1970 only 14 (19 percent) were collected before that time. 
Because all animals were incorporated into the samples, the ratios of 
animals older than one year should be comparable provided that there are 
no age-specific differences in mortality among those individuals during 
the collecting period. Live-trapping on the plots was of consistent 
intensity between years, so that the proportion of juveniles in those 
samples is comparable. The proportion of live-trapped juveniles, 
determined on the basis of body weight (Table 4), can now be incorporated 
into a yearly model showing population composition (Fig. 12). 

The proportions of the total population found in various age 


classes varied somewhat from year to year (Fig. 12). <Any differences 
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Figure 12. Model showing percentage of population found in each age group 
each year, calculated from live-trapped juveniles and 
autopsied overwintered animals. 
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in the proportions of age classes may affect potential recruitment in 
the population. Except for the strong cohort which was born in 1966 

and was the only one to reach four years of age, annual differences in 
population structure were small, although potential recruitment could 
still have been affected. That cohort born in 1964 also appeared to be 
slightly larger when three years old than three-year-old cohorts in 
other years, but may be a biased result because of the small numbers 


involved. 


Sex ratio 

No difference from parity was observed in the sex ratio of 
autopsied animals for each year (Table 7), so that the apparent differ- 
ence on the plots in 1968 (Table 3) was possibly a consequence of 
smaller numbers and a trapping bias favoring males. With their probably 
larger home ranges, males would be trapped as occasional visitors on 
the plots from distances further than females. 

The percentage of females increases with age (Fig. 13), and 
although this change in sex ratio is not statistically significant, the 
trend is there and a change in age structure of the population could 
result in a change in the sex ratio. A sex ratio biased toward males 
should result from any increase in the proportion of younger age classes 
in the population while the ratio would be biased toward females if 
older age classes predominated. 

However, the increase in males live-trapped on the plots in 1968 
does not appear to result from a decrease in the average age of the 
population. In that year the proportion of males was high (66%) while 


the percentage of juveniles was relatively low (62%). It was not 
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56 
possible to determine the proportion of yearlings in live-traps, but 
combined juvenile and yearling age classes in the autopsied samples 
comprised: 1907, 64.24; 1960, 84.527; 1969, 86.0%: 1970, 84.0%: 1971, 


87.02%. 


Percentage breeding 

Sheppard (1969) stated that "in western Alberta approximately one 
third of the yearling chipmunks do not breed."' Sexually mature females 
were distinguished throughout summer by the presence of embryos before 
parturition or placental scars after the breeding season. Placental scars 
remained obvious until at least the end of the collecting period, and 
autopsies on animals held captive over winter showed that scars could 
still be distinguished in February. Breeding and non-breeding males could 
not be distinguished from one another. 

Near Heart Lake fifty percent of the yearling females bred compared 
with 39.6% in #. mintmus in Sheppard's (1969) investigation (Table 7). 
The proportion increased with age, so that all four-year-old females at 
Heart Lake bred. This increase suggests that the more "settled" or 
experienced females participate in breeding while younger females are 
possibly still seeking areas of non-harassment or areas with a better food 
supply. 

Participation in reproduction by females was greater in 1970 and 
1971 than in previous years (Table 7). The slightly increased population 
on the plots in 1971 may be, in part, a reflection of the increased 
percentage of breeding females in 1970. Although the sample size is 
small (N = 3), the increase in breeding by yearling females may be an 
important factor. Some correlation with population density is evident 
in the present study in that breeding (in the autopsied sample) was 


highest when gross density (in the live-trapped sample) was low, although 


210 Weramksozqgs BI79dLA mistasw al" aud ree (aes) b: aie 

eulegwl etuiem yilsuxse “.beetd Jom ob odes anilzesy ak io ne - 
“ 
grade IstmeoslS .noesee anthssid ots setts ezese Isdneoalg 70 ostream Au 
bos ,bolisq gnisselion si1 to bas sy tessi ge Lignu auotvde a ‘ 

blues exes 34¢3 bewoda z93niwi19vo eykadan bisd elemina no deans ie 
bives eslsm gotbosard-neoa. bas goatbastd Avalaaes nt berlelugniserb ue 
»19d30n5 ant mort belategnéaeks ‘asinine Sea 
beveyno> hézd aolamat aniizesy =i3 os sneanad aut wish sm a 
.(\ oldest) solsagivesvnt €@0eL) 2 ' peuqeada ni auinim 8 da: ghee he - 7 
Je 29leqns? bic a ils asia of +936 itiw beenszaat wotszegorg ait : 
 "belsree" syou siz Jed ad eoggue sapotogl eb ‘eae edad 7189H a 

Sis exsteqe? tognuoy sitiw gatbsard al sisqioliisg aolsmot besontneaae | iz 
bool 1Jied 6 djiv abex. 16 inemagsagrienon lo essis giidssea [tds gee 4) 
elgg 
-viqque a) 


ory” 
bie OVGl nf 1935919 aew esfemot vs soitouborqss mt co binqkot3eF 


gyotsd eoyides Io sanges1q sis yd tsuave svorguorids b vant 


a 
avisgeluqog boeasisnt ylisdgkle sii at af dsT) 21894 euolveatq. at ‘andy £XOL 
beesssont offi 40 notjoaliax 9 tee at iad yen 1Sel ak ated 


o7 
it did not increase with declining population from 1967-69. 

The proportion of overwintered females breeding did not change to 
any extent when populations on the plots exceeded approximately 24 animals 
(Fig. 14), while below that number breeding increased with a reduction in 
population size. The "critical density," above which the percentage of 
overwintered females breeding did not seem to be influenced by increasing 
density, was thus approximately 0.35 chipmunks per hectare (0.8/acre). 
This density allows a mean occupancy area of 0.5 hectares per chipmunk 
(1.3 acres/chipmunk) which is in reasonable accord with the adult female 
minimum home range calculated in this study (0.3 hectares). Unfortunately, 
actual numbers of breeding females on the plots each year could not be 
ascertained because no external signs of breeding were visible once 
lactation ceased. 

Although testis weight does not necessarily reflect breeding ability 
in sciurids (Hoffman and Kirkpatrick, 1956), changes in testis size and 
weight do occur with season in chipmunks. A definite relationship exists 
between the weight of a single testis (after fixation) and the "testis 
coefficient" (length in mm x width in mm), so that changes in the testis 
coefficient throughout summer indicate changes in testicular development 
(Fig. 15). Sperm were found in the seminiferous tubules) of all testes 
with a coefficient above 45, but in no testes with a coefficient below 
that value. 

Even in the breeding season a number of males, including some three- 
year-olds did not have testis coefficients even close to 45 (Fig. 16) and 
it would appear that those animals did not attain sexual maturity. The 


latest date on which sperm were found in seminiferous tubules was May 22 
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% OVERWINTERED FEMALES BREEDING 


Figure 14. Percentage of overwintered females breeding (autopsied sample) 
at different population levels (live-trapped sample). 
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Figure 15. Relationship between weight of a single testis and testis 
coefficient. 
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61 
and some males with enlarged testes did not have sperm present prior to 
that date, indicating either no potential for precdine or an earlier 
involution of testes in potentially reproductive animals. The lack of 
sperm after the end of May also confirms a single annual breeding season. 

Males one year of age or older generally had testes larger than 
those of juveniles from July to the end of the collecting period. Older 
males may have shown involution from either the group with enlarged 
testes and the presence of sperm in spring or from the group with smaller 
testes and no sperm at that time. An evaluation of the percentage of 
males which definitely reached breeding potential is not possible because 
there is no evidence that males with larger testes in, say, August had 
previously bred while those with smaller testes had not, although such 
may well be the case. Not all males attained full reproductive status 
and most non-breeding males, as evaluated from spring results, appeared 
to be yearlings so that the proportion of breeding males may increase 
with age as occurred in females. 

Forbes (1966b) found significant differences between "adults, sub- 
adults and juveniles" in the means of orbitonasal length (ONL) and inter- 
orbital breadth (I0B). Chronologically, his maximal ages for those 
relative age classes were: juvenile, to 100 days; subadults, 60 to 
90-100 days; adults, over 100 days. As his "subadults" were non- 
overwintered animals, they have been included in the juvenile cohort in 
the present study. Since no breeding occurs during the first summer of 
life, it appears feasible to classify those animals as juveniles rather 
than subadults even though adult body measurements are approached. There 
are differences in total length (TL) and zygomatic breadth (ZB) as well 


as ONL and IOB between age classes in the present study (Appendix Vand 


Table 8). 
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Table 8. Comparison between means of various measurements for different 
age classes and reproductive criteria. TL = total length; ZB = zygomatic 
breadth; ONL = orbitonasal length; IOB = interorbital breadth; 


B = breeding; NB = non-breeding 


Value of "t" 
Age classes compared 


pulse ZB ONL IOB 
vs 2 (both sexes) 0.0360 1.4915 0.0376 0.4836 
vs 1 (both sexes) 1.1500 2.9546%** 1,8578% 2.3965%** 
vs juv. (both sexes) 6. 204LERRX 7, 8793%RK 7, 3692*HHK 41627 HRRA 
(B) vs 1 (NB) (females) 2.3213%* 1.6937 Zeultyee, valeseee 
(B) vs 2 (females) 0.6381 0.6661 0.3485 1.0532 
(NB) vs 2 (females) 1.7985 3.20418 = 2,1595**  —- 35, 596 Bx 


I 


EKKP < 0.001; ***P < 0.01; **P < 0.05; *P < 0.10. 
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Four-year-olds were not tested because of the small sample size 
(N = 4), but no differences were found between measurements for animals in 
age classes two and three. Two of the four measurements reveal differences 
between yearlings and two-year-olds, suggesting some variation within the 
yearling group. Highly significant differences, as would be expected, 
existed between yearlings (included in Forbes' "adults") and juveniles 
(Forbes' "juveniles" plus "subadults"). 

The proportion of females showing signs of breeding is considerably 
smaller (50%) among yearlings than in older age groups (83%). This 
suggests that variation among yearlings may be reflected in the breeding 
status of the individuals concerned. Breeding yearling females had 
significantly larger means than non-breeders in two of the four cranial 
measurements (Table 8). Forbes (1966b) found significant sexual dimorphism 
in cranial measurements and, as males could not be distinguished as breeders 
or non-breeders in the present study, attention was focused on females. 

In females no difference in cranial measurements was found between breed- 
ing yearlings and two-year-olds, but significant differences existed 
between non-breeding yearlings and two-year-olds, suggesting that adequate 
somatic development was necessary for reproduction to occur. 

Differences in cranial measurements (Table 8), signifying a greater 
size in breeding yearlings, were borne out by an analysis of mean body 
weights of autopsied animals (Table 9). Weights of embryos and placentae 
were subtracted from total body weights in order that the results should 
not be biased. Again, it appears that only those yearlings which had 
attained a size not different from two-year-olds were able to breed, 


while smaller yearlings did not participate in reproduction. 
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Table 9. Comparisons between mean body weights of autopsied females in 
various age classes. Weights of embryos and placentae have been 
subtracted from the total weights of pregnant animals. 


B = breeding; NB = non-breeding; N = number in sample 


Reproductive Mean weight 
Age condition in grams N 
sh B + NB 43.43 28 
al NB 38.45 133 
in B 47.74 5 
22 B + NB (5) FA 18 
5 B + NB Mees 12 14 
Age classes compared mela Significance 
UCR eNews 42, 0B i NB) oleae! Nigar. 
Zab END) vs 3 (B + NB) On32 hs Ske 
ICR ews ol CNB.) SHeteh Poss 0.05 
LCN EB) vse ee (Bo NB) ieee Poe 0.05 
L_(B). vs. 2_(B + NB) 0.27 Naas 
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Embryonic contribution 

Differences in recruitment each year may be influenced by both the 
number of embryos successfully brought to term and contributed to the 
population (Table 10) and by survival during weaning. Resorption of some 
embryos was evident during the period of gestation (Table 11), and those 
losses are not included in the estimation of embryonic contribution. 
Shtil'mark's (1967) postulate that reproductive contributions decline 
when population density increases was not borne out as there was no 
relationship between populations on the plots and the embryonic contri- 
bution each year. 

However, the effective embryonic contribution was affected by the 
proportion of females in each age class which actually bred. Table 10 
also shows the embryonic contribution from breeding females, and the 
difference between contributions from total females and breeding females 
shows the differences which arose in the contribution of new-born young 
each year. The number of embryos contributed by breeding females did not 
vary significantly either from year to year or with increasing age, so 
that females which did breed seemed to reach their maximum potential at 
all times. 

Prenatal mortality occurred each year (Table 11). Preimplantation 
losses (failure of ova to implant) were slightly higher than post- 
implantation losses (resorption of embryos). At least at the population 
levels encountered in the present study, no density-dependent mechanism 
appeared to function at the prenatal level, although losses were least in 
1971. This again suggests that females which did breed were not unduly 


affected by their external surroundings once copulation had occurred or 
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that they were normally located in favored places. 


Mortality 

If the number of overwintered females captured on the plots each 
year (Table 4) is multiplied by the percentage of overwintered breeding 
females from the shot samples (Table 7), an estimate of the number of 
breeding females on the plots can be calculated. Provided that the 
annual effective embryonic contribution per breeding female in the shot 
samples (Table 10) holds for the plots as well, as seems likely, and that 
there is no postnatal mortality prior to capture of the juveniles, 
estimates can be made of the numbers of juveniles that should have been 
captured (Table 12). 

Actual numbers of juveniles trapped on the plots were not signifi- 
cantly different from those calculated in three of the five years and 
more were captured than expected in the other two years. More juveniles 
were usually captured than expected, possibly because of their large 
home ranges in that some may have been captured after being born off the 
plots. The assumption of no mortality during weaning was supported by 
the fact that calculated numbers of juveniles were always near or less 
than the real numbers. The large excess trapped in 1968 and 1969 may 
have been a reflection of greater juvenile mobility toward the end of 
summer as more juveniles were trapped after mid-August in those years 
than in other years and the trapping period was longer (Fig. 6). 

Longevities of up to six years in FE. minimus borealis (Criddle, 
1943), seven years in FE. townsendit (Gashwiler, 1965) and eight years in 
E. quadrimaculatus (Ross, 1930) have been reported, although the oldest 


inhabitants in this study were only four years old. The cohort born in 
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1966 comprised a rather larger proportion of the population in the years 
after overwintering than did cohorts born in 19675 1968 "and "1969 "(Fie, 12). 
Those born in 1966 were also the only ones during the course of the study 
to reach four years of age. The cohort born in 1970 also seemed to be 
larger than those of the previous three years. 

To calculate age-specific mortality, the percentage of the total 
population in a particular age class was divided by the percentage of 
animals in the preceding age class the previous year (Table 13). Average 
survival between years remained fairly constant, although it seemed to be 
lower between 1968 and 1969 and higher between 1970 and 1971. Survival 
from juvenile to yearling was generally lower than that of yearlings to 
two-year-olds or two-year-olds to three-year-olds. The very low average 
survival (0.199) from three to four years of age resulted from the fact 
that animals of that age were found only in 1970. 

Provided that there was no summer mortality during the collecting 
periods, the average probability of a juvenile reaching two years of age 
is a factor of the survival rates for both between-collecting periods 
(ive. O.coo ~ 0.46J/e= 07135) “while the probability ofeits, reaching three 
years of age is reduced even more (P = 0.288 x 0.467 x 0.407 = 0.055). 
This means that only about five of every 100 animals weaned reached three 
years of age. To judge from the average survival rates between age groups, 
very few four-year-olds would be expected (P = 0.011, or about one 
hundredth of those weaned). The possibility exists that the cohort born 
in 1966 was larger than usual or, if not, at least had an increased 


survival rate. Its survival rate from 1967 to 1968 was certainly greater 


than for other cohorts of that age in other years. 
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Table 13. Age-specific survival rates throughout the study 


Age increase 


Yearly 
Years average 
Jeo 1--->2 2--->3 3---+4 
1967-68 Ueo6 O62 Ore? 0 Ora2 
1968-69 0.28 Or 42 Uso 0 OF 36 
1969-70 One 0.44 0.23 0.80 0.42 
1970-71 Oe 0.39 0.73 0 0.48 
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If the number of immigrants is equivalent to the number of emigrants, 
a decline in the proportion of juveniles trapped between mid-July and the 
end of the collecting season (usually the end of August) would represent 
mortality in those juveniles. The percentage of juveniles in five-day 
periods following their first appearance (either in the live-trapped or 
shot sample) is shown in Figure 17. In both live-trapped and autopsied 
animals there was no general decrease in the proportion of juveniles 
collected with time, suggesting that mortality was probably not an 
important factor in that age group during the collecting period. Immi- 
gration to fill a void is unlikely for the whole population (as sampled 
in the autopsies), so that, in this case, mortality was investigated. 

The low percentage of juveniles on day 45 may indicate mortality, 
although that time was normally outside the collecting periods. The large 
numbers of juveniles trapped from days 50-55 again suggest increased 
mobility of that age class in fall, although live-trapping results were 
too few to demonstrate any plateau in population size with a sudden 
influx of immigrant juveniles in September. 

Mortality rates were, however, higher for the juvenile cohort 
(Table W3,). “As .it did notpoccim in the firct sci sweeks On so oF indepen— 
dent life, mortality must have.occurred.eitherdnelate fall if suitable 
food and overwintering sites were not established, during hibernation, or 
in early spring. 

Although there appeared to be no mortality during most of the 
collecting periods, it seemed reasonable to expect a higher mortality 
among juveniles immediately upon their becoming independent, especially 


if maternal care ceased abruptly. Juveniles live-trapped and released 
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immediately upon their first emergence (in mid-July) did not return to 
maternal burrows. Several marked juveniles were followed for varying 
periods of up to 14 hours in 1968, but all remained above ground, obtain- 
ing shelter for the night wherever possible, usually crouching beneath 
rock overhangs or the roots of trees. It is probable that the presence 
of the observer was responsible for the unwillingness of juveniles to 
return to the maternal burrows because ranges of juveniles, females at 
least, seemed to follow the broad outlines of those belonging to adult 
females (Fig. 8). 

Predation, which would be expected to be greatest at the time when 
juveniles first emerged, was probably light. A pair of great horned owls 
Bubo virgtntanus nested on Plot A in 1968 and 1969, but no pellets were 
found near the nest. However, feeding may have occurred elsewhere. 
Chipmunks also seemed to play a minimum role in the nutrition of ermine 


Mustela ermtnea richardsontt (D. Wooley, pers. comm.). 
Winter Strategy 


Burrows 

Five burrows were excavated during the study and all were of the 
"simple" type (Criddle, 1943) with a single entrance leading via a tunnel 
approximately 1 meter in length to a terminal chamber measuring approxi- 
mately 25 cm x 25 cm x 10 cm. No two-chambered burrows such as Allen 
(1938) and Panuska and Wade (1956) found for 7. striatus and 
Snigirevskaya (1962) found for FE, stbiricus were ever located. 

The floor of the chamber in each burrow was covered by up to 15 cm 


of rotting leaves (usually Alnus), feces and twigs bound together with 


soneestq eft 283 aiandsed at 9T’ 8980) ta dame ois 0° egasiisve ao ae a 
2 holtnavit to Spongnt iste ‘si eg Raat anw cornea a = 


” a 
7 7 © i 
16 aplame? eeolivgvit 2¢ esgnst + vaysad eworwid Lenvesan otis oF uses i 


asiubs of udignetsd peor’! al Aedtthud Gane sii wollo? o3 bamoes ‘ses 

b 8 sat) voted 

noth? sink? 913) 18 Jasdaoxg od ‘on. beroemes re sad doliw noizaberd 
elwo Benson wsstg Yo tiag A {sHakl Joie 2a ,bagtas® sett? estinowt 
staw 2slleq on Jud RoQL, bas SOL oct A Jolt no bareem eannselyess ode 
sisiweels hersuose sved Yeo gribest .yevawoH .jteon sA3 ash bavod 


spimts to moisizida afd mt slo» miminim © yslq 03 bemase cela edtaumgtdd 
.(ammoa .arsq ,yaloodd .@) Tanonbaniiobs nerds Deaaiel i 
\. 9 


7 - f 

: 4 

wet?) “my 

‘gila 20. S19w Lin ‘bne bute 63, gutiub Panniers sisy aworrud | 1°) 


fonn3 6 atv gatbasl sonnains, aigate s Hakw cEnes «Sibbizd) eqyt “atgnte ye 
-bxorqgs guisavessm rotimeds inalmaya fh ov. AIguel a tos se na closers 
maliA aa dove awormd boradmsio-ow2 of «mo OF * ma a x oss Posen 
bas arinitts § yoR-buuo? (ACL) absW bas sdounet bon (BEC 
sbetpool asve sisw ato birdie “2 rot bao? (Sd@i) eysilevex 
mo @L of qu vi! Baaybd dew won dust does AE tednsdo acy 10 x01? at 
7 

ddhw rerssgod bawiod wal bys. sane aaa ad Leacneed 


rhe) 
fungus. The fungus usually extended over all the walls of the tunnel and 
chamber. These "fungus gardens" have been suggested as additional food 
reserves (Howell, 1929), and Tevis (1955) has shown that Eutamtas eats 
fungus. They could also provide an additional source of heat from the 
fermentation process. None of the burrows contained food reserves when 
excavated. 

All four animals in artificial hibernacula near Heart Lake in winter 
1969-70 died in January. Hibernation had not occurred in any of the 
animals before their deaths, possibly from lack of adequate food supplies. 

Microclimate temperatures inside one sand-based burrow were lower 
than those in one of four limestone-based burrows monitored during winter 
1969-70 (Fig. 18). Temperatures in all burrows in limestone were similar, 
but that shown was the only one for which there is a complete record. 

The sand-based burrow was excavated on May 10, 1970 and found to be empty 
of supplies and, apparently, abandoned. The thermistor was at the 
entrance of the terminal chamber in this burrow, but the other burrows 
could not be excavated. 

Although temperature differences in the burrows were far less 
pronounced, they followed roughly the fluctuations in air temperature 
until the heimal threshold was reached (Fig. 18). During excavation no 
blocking was observed in any of the tunnels, and neither Criddle (1943) 
nor Broadbooks (1958) found that any attempt had been made to seal the 
hibernaculum from direct communication with the soil surface. Once the 
heimal threshold was exceeded there was a slight temperature increase in 


the burrows and then relative stability during the oldest .onths. 
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Energy requirements 

Oxygen consumption in one non-hibernating female chipmunk (weight: 
42.8 g) at an ambient temperature of 2.5 C was continually monitored for 
47 days from 13 January to 28 February, 1972. Several mechanical break- 
downs and structural alterations caused the loss of six days' data, but 
the energy used during 41 days was calculated (Fig. 19). Daily energy 
requirements) varied™from 19.7% to 35.3 kilocalories with®a mean of 27%0 
kilocalories. 

The resting metabolic rate (RMR) of that animal at 2.5 C was 
5.7 cc 0o/g/hour. At thermoneutrality (30 C) a theoretical basal 
metabolic rate (BMR) may be calculated from the equation: 

BMRM 928 Wo" ce 05/e/hr 
where W is the weight in grams (Morrison et al., 1959; as in Wang and 
Hudson, 1971). This allows a value of 1.4 cc 05/g/hour. The thermal 
conductance, a measure of heat loss, can be calculated from the equation: 
oS hae yp er 

(Herreid and Kessel, 1967; as in Wang and Hudson, 1971), and provides a 
value of 0.2 cc/g/hour/C. The slope of a regression line equivalent to 
the thermal conductance passes through the BMR at thermoneutrality 
(i240cc 05/g/nour) andfallows the theoretical RMR at 2.5 C tosbe cal- 
culated, The theoretical RMR at 2.5 C (5.6 ce 05/g/hour)"is™very close 
to the observed value (5.7 cc 0o/g/hour), indicating that, there was no 
evidence of torpor in that individual at low ambient temperature. 

Thus, unless it hibernates, a normothermic chipmunk must maintain 
a RMR of approximately 5.7 cc 0»/g/hour throughout the winter. At 
27.0 kilocalories per day throughout the hibernation period from mid- 


October to mid-April (180 days), approximately 4,850 kilocalories would 
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tf) 
be required to maintain a normothermic chipmunk at an ambient temperature 
Olen aGy (Variations «oC = 4.060). 

Oxygen consumption was also measured in three hibernating chipmunks 
at ambient temperatures approximating those in the burrows, and the 
energy used in daily periods at different ambient temperatures was 
calculated (Fig. 20). No valid regression line can be affixed to these 
values (Spearman's coefficient of rank correlation Roa OF, So elnat 
differences in energy requirements at those low ambient temperatures are 
probably not significant for hibernating chipmunks. Differences in 
ambient temperature between limestone- and sand-based burrows probably do 
not affect the energy requirements in hibernating chipmunks. The scatter 
in energy values is probably caused by different body temperatures even 
at identical ambient temperatures. Body temperature could not be 
monitored in the field, but the values obtained in the laboratory are 
shown (Fig. 20). 

A mean value of 0.35 kilocalories per day was required by hibernating 
chipmunks at ambient temperatures similar to those in the burrows. The 
energy required for hibernation from mid-October to mid-April (180 days) 
using this mean daily requirement is 73.52 kilocalories so that hiberna- 
tion, excluding any periods of arousal, is 76.4 times less costly than 
Actaverliprerat, Js mGetOomeLloUsdays, 

Of 18 chipmunks placed in a 5 C coldroom during winter 1971-72, only 
two hibernated--one on 7 October, 1971 and the other on 14 February, 1972. 
Daily examination of an undisturbed chipmunk (male E) allowed periods of 
arousal to be determined (Fig. 21). Continuous oxygen analysis of the 
second animal to hibernate (female 161) allowed the energy used in 


hibernation, arousal and re-entry into hibernation to be examined. Several 
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Figure 20. Energy used (in kilocalories) during 24 hours of hibernation. 
Figures on the graph indicate rectal temperatures in C. 


A oO A weight: 41.0-42.8 grams 
x o B weight: 45./7-51.3 grams 
O Q 161 weight: 44.0-44.2 grams 
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of the measurements during hibernation have been incorporated into 
Figure 20. 

Hibernation of male E began on 7 October, 1971 and continuous wake- 
fulness began on 10 April, 1972, a period of 186 days. Arousal was more 
common near the beginning and end of this period (Fig. 21), with very 
short periods of arousal in mid-winter. One day of hibernation preceded 
arousal in October and April, and periods of hibernation reached a 
maximum of 21 days without arousal in December, 1971 and January, 1972. 
Food was consumed during each arousal period. As male E was not con- 
tinually monitored, it was not possible to specify to hours the periods 
of wakefulness but continual monitoring of female 161 showed that, in 
four spontaneous arousals, approximately 12 hours were required for 
arousal and re-entry into hibernation. The arousal itself required 2 to 
3 hours and no overshoot occurred in oxygen consumption. Similarly, 
re-entry into hibernation was smooth, following several small drops in 
energy requirements during the wakeful period. The time needed for 
re-entry into hibernation was also 2 to 4 hours. 

Using these data, it was possible to estimate the energy required 
during the 186-day "hibernation period" in male E. Where arousal and 
re-entry into hibernation occurred on the same day it was assumed that 
12 hours were spent at the level of wakefulness (energy required: 

13.48 kilocalories) and 12 hours in hibernation (energy required: 0.18 
kilocalories). Male E used 57.88 kilocalories during 164 days of 
hibernation and 593.30 kilocalories during 22 days of arousal and wake- 
fulness «fora total of 651.18 kilocalomies from, 7/,,October.. 19/1 to 


10 April, 1972, both dates inclusive. Had that male not hibernated 
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5,016 kilocalories would have been required so that, even with arousals, 
the conservation of energy during overwintering was 7.7 times more 
efficient in this hibernator with occasional spontaneous arousals than 


in a non-hibernating chipmunk. 
Food 


Winter 

If the food stored for winter was insufficient to provide adequate 
energy for overwintering then winter mortality would ensue. An examina- 
tion of hoarded food was considered advisable despite the fact that the 
possibility of its being limiting was considered remote by Broadbooks 
(1958; 1970a) and Cade (1963). 

Several chipmunks with radioactive tags were followed to their 
apparent burrows in summer (July and August), 1970. Those burrows were 
excavated at the beginning of winter (12-14 October, 1970), but proved 
not to be winter burrows. None of the winter burrows in which micro- 
climate temperatures were recorded were discovered until mid-September, 
so that it is quite possible that winter burrows were not established 
more than approximately one month before the beginning of hibernation. 
The energy available for overwintering, then, was not determined in this 
study. 

Graves (1971) reported that, in 7. striatus, individuals with low 
cache amounts did not hibernate. Feeding experiments were conducted at 
5 C in the present study in order to determine whether the hoard itself 
or the availability of adequate food was a stimulus to hibernation 


(Table 14). All four chipmunks with restricted feeding (10 g of sunflower 
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Effect of feeding regimens upon hibernation patterns. The 


experiment commenced 21 September 1971 and terminated 31 December 1971, 


after which all animals were allowed food ad ltbitum and were allowed 


to retain caches. 


An Sanwmalcsmewebema taomG 


Animal Date 
No. Food Cache hibernated Remarks 
oA aa “Lip: retained - 
3159 ad, Tip. retained 
OB 10 g/day removed - Died 13.xii.71; no replacement 
S174 10 g/day removed ~ Diedj1ll.x./is.replaced, byaglo5 
oC 10 g/day added - Died 9.x.71; replaced by of 
which died 26.xi.71L 
3168 10 g/day added - Died, 10. x./7L: replacedsby, S164 
OD Ga leD removed ~ Died 10.xi./1; replaced by S177 
3162 GaULLD removed - 
OE QOL ED retained ee sede Permanent arousal 10.iv.72 
QP ad ltb retained - 
OF CALLED retained ~ Replaced oC in feeding experi- 
ment. 9. #./71: diede26.41. 71 
2160 ad 1tb retained - 
161 ad ltb retained La 2 Permanent arousal 15,1117/2 
3164 Gas lip retained - Replaced S168 in feeding experi- 
Men tag Lees. / el 
S165 ad ltb retained - Replaced 174 in feeding experi- 
ment 12) x. 72 
166 laeh ee) retained ~ 
S169 aa LED retained - 
CL 7 ad ltb retained - Replaced oD in feeding experi- 


ment, 1O.xi 7/1 
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seeds daily) had died by the end of December 1971, regardless of the 
addition or removal of a cache, and the experiment was terminated. Both 
males with food ad libitum and a retained cache survived, although one 

of two males with food ad libttum but a cache which was removed, died. 
Animals which replaced the original experimental animals experienced less 
time under experimental conditions, although this was inconsequential as 
hibernation did not occur in any of the animals in which food intake or 
cache availability was manipulated. 

Seven chipmunks received food ad ltbitwm and were allowed to retain 
their caches. Two of those animals hibernated - one for the entire 
winter (male E) and one for a short period in late winter (female 161). 
Two of four animals with food ad ltbitwn and undisturbed caches in winter 
1970-71 also died, while the remaining two hibernated for the whole winter. 

The effect of food on hibernation could thus not be determined in 
the present study. Hibernation may possibly have been inhibited by noise 
or vibration in the coldrooms. although, in most studies, some animals 


fail to exhibit hibernation (Scott and Fisher, 1972). 


Summer 
(i) Food available 
Dyke (1971) showed that fruit production on the plants near Heart 

Lake was not constant from year to year, with berry production showing 
considerable variation. Fruit production was very good in summer 1966 
so that overwintered berries were abundant in spring 1967. The cooler 
summer of 1967 was not conducive to heavy production, resulting in few 
overwintered berries in 1968. Fruiting was again poor in 1968, although 


strawberries and gooseberries Ribes oxyacanthotdes produced better crops 
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than in 1967. 

No measurements were made of fruit production in the years following 
Dyke's study, but 1969 seemed to be a poor year for all crops of berries. 
The warm summer of 1970, which was clearly the year of greatest variety 
in berries, produced a large crop of raspberries Rubus strigosus and bear- 
berries as well as some relatively rare species such as black currant 
Rtbes hudsontanum and red currant Ribes triste. Overwintered bearberries 
were common in spring 1971. Fruiting in raspberries and bearberries was 
poor in summer 1971, but berry production increased in bastard toadflax, 
bunchberry Cornus canadensts, high bush cranberry and, particularly, bog 
cranberry. 

The population of chipmunks at Heart Lake is thus not restricted by 
the vagaries of crop production from a single species as Shtil'mark (1963; 
1967) found in Western Sayan, USSR. However, a failure in crop production 
in one species was not always compensated by production in other species. 
The food available to EF. minimus may not always be adequate for survival 
in all habitats. Years of poor seed production seem to correspond with 


the times of greatest population decline (1968 in particular). 


(ii) Foods eaten 
Stomach analyses from 262 chipmunks autopsied showed that 132 
contained food while 130 were empty (either because feeding had not begun 
or because the animal died in a live-trap after previously emptying its 
stomach during confinement). Sixteen stomachs (6.14) contained the 
spirurid nematode Protosptrura (=Mastophorus) murts, a common stomach 
nematode in rodents. The infections were probably acquired by eating 


insects, some of which are known to be intermediate hosts (Chandler and 
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Read, 1930; Skriabin and Sobolev, 1963). 

Most of the foods eaten were vegetable matter (Table 15). Arthropod 
parts comprised a moderately high frequency of occurrence (34% of those 
stomachs which contained food) but had a much lower percentage composition 
in individual stomachs (seldom more than 5%). Beetles, a grasshopper and 
a moth were identified, although mastication and partial digestian 
normally prevented identification. Mites and fleas were probably ingested 
during grooming. No vertebrate matter was found in the stomachs. Harriot 
(1940), Hesterburg (1950), Shackleford (1966) and Krull (1969) have all 
reported observations of 7. striatus eating vertebrate matter, but £. 
minimus is not so omnivorous. 

Because stomachs were not weighed, it was not possible to determine 
the percentage composition by weight of the various species eaten. A 
comparison of percentage composition was made by assuming that all stomachs 
were equally filled (Fig. 22). This method was probably valid when sample 
sizes were large but could have caused an upward bias of contents which 
normally occurred at low frequencies whenever sample sizes were small. 

For example, if species A comprised 50% of the stomach contents in one 
animal in a sample of ten, then the average percentage composition of that 
species during the period covered was 54; if the sample size was one, the 
average percentage composition was 502%. 

Overwintered seeds and berries (mainly bearberries and rosehips) 
were eaten in April and, with the addition of spring greenery, in May. 

By early June in 1969 and 1970 overwintered berries were either unavailable, 
suggesting poor growth in the previous years, or were not preferredy” In 


1971 overwintered foods were still found in the stomachs in late June. 
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Table 15. Frequency of occurrence of various foods in stomachs 


a ee eee Le. ee ee eee eee eee 2. st 2, See 


Number of 


Species Common name Portion eaten stomachs 
Greenery 67 
Arthropods 45 
Aretostaphylos uva-urst bearberry fruit, seeds 45 

buds, flowers 18 
Rubus strtgosus raspberry fruit, seeds 32 
Shepherdta canadensts buffaloberry fruit, seeds Dah 
Rosa acteularts prickly rose hips 20 
Vaceintum vttis-tdaea bog cranberry fruit, seeds 19 
Fragaria virgintana strawberry fruit, seeds 1s) 
Lichens 10 
Alnus ertspa alder catkins 9 
Viburnum edule high bush cranberry fruit, seeds 6 
Taraxacum of ftetnale dandelion seeds 5) 
Ribes oxyacanthotdes gooseberry fruit, seeds 5 
Geocauton ltvidum bastard, toadflax fruit, seeds 5 
Unidentified 4 
Prunus pensylvantcus pincherry fine behve 2 
Empetrum nigrum crowberry fruit eZ 
Rtbes hudsontanum black currant Crud ilk 
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Figure 22. Changes in the average proportion of different foodstuffs in 


chipmunk stomachs in 10-day periods (1-10; 11-20; 2l-end of 
month) during 1969, 1970 and 1971. N is the sample size. 
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we 
Spring flowers were eaten and lasted until late June in 1969 and 1971, 
while they were still being eaten at the end of July in 1970. This 
suggests that a prolonged period of flowering and subsequent fruiting 
occurred in 1970. The appearance in the stomachs of new seeds and 
berries was later in 1969 (mid-June) than in 1970 and 1971 (late May to 
early June). Cool weather (Fig. 3) may have delayed the ripening process 
in 1969, and this could aid in explaining the prolonged appearance of 
overwintered berries in the diet in 1970. The apparently large crop of 
fruit in 1970 appeared in the stomachs earlier than in 1969, yet was 
still sufficient to last as overwintered berries well into the spring of 
1971. Arthropods also appeared to play a smaller role in the diet in 
1970>than in either 1969 orlelo yas. Ispitterencessan the habitats in which 
chipmunks were collected for autopsy (Appendix IV) do not explain the 
differences in stomach contents. 

An index of similarity (MacFayden, 1957), calculated for the 
average percentage composition in the stomachs by adding the smaller 
of the two percentages for each 10-day period from Figure 22, shows: 

IN GSS var 70:: 939 AZ 

969s vse 7 ise LOL2 6 

Lo7Cevs) 107 Ta LO37 6 
This gives a gradation of dietary similarity such that 1971-1969-1970, 
or, 1970 was more dissimilar to 1970 than it was to 1969. 

Juveniles first emerged in mid-July and the fruits available to 
them until the end of August and, obviously, in the collecting periods 
prior to hibernation, varied from year to year. Assuming that chipmunks 
are opportunistic feeders (Aldous, 1941; Snigirevskaya, 1962, 1964; 


Shubin, 1962; Forbes, 1966b; etc.), the fruits eaten by all animals at 
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that time each year reflect those readily available and also show 
considerable variation (Fig. 23). For example, buffaloberry was a 
common food in 1969 and 1970 but was entirely absent in 1971. A search 
in 1971 failed to reveal a single bush bearing berries although they 
were readily available in previous years. Both high-bush and bog 
cranberries were minor dietary elements in 1969 and 1970, but assumed 
greater importance in 1971. Strawberries were absent in 1971 and 
bastard toadflax was absent in 1969. Dandelion seeds and fruits of 
crowberry, pincherry and black currant made minor contributions in 
various years. 
An index of similarity (MacFayden, 1957) reveals: 

9 OS mvseeLg /O 141.65 

Nee) AWS SR HIRT sens) 

197 Ov see 97/12: TANS Se) 
Again, the index provides an indication that 19/0 was an exceptional 
year. as the gradation was 1969-1971-1970, where the foods eaten in 1970 
were more dissimilar to those in 1969 than to those in 1971, but late 
summer in 1971 was more like 1970 although the whole summer in 1969 was 
eloseratorchat, of 81970. 

(iii) Cheek pouches 
Seeds, which are part of the plant with the highest energy content 

(Golley, 1961), were found in the cheek pouches of 41 animals autopsied 
during the present study (Table 16). Most animals having seeds had 
collected only one species of seed when autopsied, but some pouches 
contained more than one species. Raspberry was the predominant seed 
collected in 1969 and was collected to a large extent in other years. 


Buffaloberry and strawberry were collected mainly in 1969, while 
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Figure 23. Average percentage composition in stomachs from animals 
collected between the times of juvenile emergence and the 
end of August. 
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Table 16. Percentage occurrence of various seeds in cheek 


pouches during the study 


% of animals with seeds 


pho es 1967 1968 1969 1970 1971 
N 1 2 16 i g 
Shepherdta canadensts 100 50 25 Coe: 0 
Rosa acicularts 0 ) On20 239k TAL 
Geocaulon ltvidum 0) 0 6.25 0 3353 
Carex sp. 0 6) sge5 0 0 
Arctostaphylos uva-urst 0 0 ee 0 0 
Lathyrus ochroleucus 0 0 6e25 0 0 
Rubus strtgosus 0 0 LOLS) Se BOERS 
Viburnum edule 0 0) 6.25 0 ee 
Fragarta virgintana 0 0 0 30.8 0 
Ribes oxyacanthotdes 0 0 ) ih ©) 
Prunus pensylvantca 0) 0 0 ie 0 
Potentilla fruttcosa 0 0 0 0) ‘Th BAA 
Vaecintum vitis-tdaea 0 0 0 0 44.4 


Unidentified (seeds) 0 50 0 @) 0 
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cranberries and bastard toadflax were major components only in 1971. 
These variations were similar to those found in the stomach contents in 
the latter part of summer (Fig. 23), again suggesting differences in the 
availability of fruits of different plant species each year. 

Caloric values were determined for seeds of several species found 
in cheek pouches (Table 17). Assuming that seeds collected in late 
summer or fall are stored and used during the hibernation period (Howell, 
1929; Criddle, 1943; Cade, 1963), differences in seed availability would 
affect the energy available for overwintering or the expenditure of 
energy necessary to ensure adequate supplies for winter. For instance, 

a greater weight of bearberry than bastard toadflax seeds would be 
required for winter in order to store the same amount of available energy. 
This problem would be increased by the fact that seeds of the former are 
so much smaller than the latter and more seeds by number as well as by 
weight would have to be collected. Unfortunately, no winter caches were 
located so that stored energy was not evaluated. 

Cheek pouches were not used to the same extent throughout the 
summer (Fig. 24A). For comparison, stomach contents reveal the prevalence 
of overwintered seeds (mixed with the fruit of overwintered species) in 
early Spring, followed by -an increase in new seeds and berries in the 
second half of June (Fig. 24B). A definite lapse in time existed before 
those new seeds were found in the cheek pouches, as they were not found 
there until several weeks after the new seeds had begun to play an 
increasing role in the diet. Seed collection is probably tied to more 
than just availability, possibly not beginning until after the establish- 
ment of home ranges or until the initiation of a search image. 


Approximately 20% of the autopsied population utilized their cheek 
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Table 17. Corrected calorific values (in kilocalories per gram) 


of air-dried, washed seeds of species found in the cheek pouches 


Samples 
Species ee ee a eae ae ee ae ae Average 
a 2 3 4 
Arctostaphylos uva-urst 4.682 Gori Cee 4.698 4.701 
Aretostaphylos rubra eS by PT ys, 4.799 4.764 4.780 
Rosa actcularts 5.060 See) SUD) Dino, S057 
Viburnum edule 5244 Bboy AO See es) ise WES) Be cLO 
Rubus strtgosus 5.494 D504 5.444 Daal. D407 
Vacctntum vitts-tdaea 5.569 Byeyey] 5 549 52536 Seti e) 
Geocauton ltvidum 6.5067 6.624 6.588 6.560 6.585 
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Figure 24A. 


Proportion of animals using cheek pouches by 10-day periods 
throughout the summer. Juveniles are indicated by the 
hatched portion. N is the sample size, pooled for all five 
summers. 


Average percentage of seeds of all species in the stomachs 
of autopsied chipmunks in 1969, 1970 and 1971. N is the 
sample size. 
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pouches in spring. The seeds carried at that time must have originated 
either from overwintered berries or from the remnants of winter hoards. 
In spring many places were observed where overwintered rosehips had been 
eaten; the seeds were missing and dried, overwintered pericarp was left 
uneaten. Although some of the signs may have indicated feeding by 
Peromyscus, several chipmunks were observed eating overwintered rosehips 
when snow was still on the ground in spring. Similarly, overwintered 
bearberries were eaten at that time. Cheek pouches may be used for 
conveying excess food to the burrows for later consumption as the animals 
are relatively conspicuous in snow and this behavioral mechanism may have 
survival value by decreasing predation and thermal stress. Stomach con- 
tents in spring occasionally included pieces of pericarp from Hosa, again 
indicating that overwintered berries rather than cache remnants were 
being eaten. 

By late August and September slightly more than 20% of the autopsied 
population was again collecting seeds in the cheek pouches. Most animals 
in the sample from fall were juveniles; the proportion of overwintered 
animals collecting seeds at that time may well have been higher. Those 
juveniles with seeds in their cheek pouches may have been individuals 
that had settled into the population by establishing home ranges. 
Although some individuals of the "collecting type'' would be expected to 
be sampled before they had a chance to fill their pouches, it seems that 
not all juveniles were attempting to hoard seeds during the time that 
samples were taken. 

Marked animals recaptured following one winter were generally those 
individuals known to be on the plots in late summer, toward the ends of 


the trapping periods (Table 18). Those marked animals recaptured the 
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following year as breeding adults (e.g. a pedi a 43) appeared to have 
established home ranges earlier in summer, while animals first captured 
nearer the “ends of the trapping periods (e.g. co 134, & 138) did not 
seem to be in breeding condition (i.e. the testes were not evident). No 
chipmunks first captured on the plots after the beginning of September 
were ever captured the following spring, and two juveniles (% 110 and 
o@ 118) first captured in mid-August and early September were found dead 
on the plots the following spring, apparently having died prior to snow- 
fall. Animals recaptured more than one year following initial capture 
(e.g. FE DOn $ 82, o 20) appeared to have only part of their "lifetime 
range'’ (Jewell, 1966) on the live-trapping plots and probably did not 
overwinter there. Thus, some animals appeared to have established home 
ranges by the end of August while others were probably searching for 
areas of non-harassment. 

Soper (1964), referring to E. mintmus borealts in Alberta, stated 
that "growth is surprisingly rapid; by early or mid-August most individuals 
are nearly adult size.'' Data from the present study support Soper's 
statement (Fig. 25) and show that "collectors" with seeds in the cheek 


pouches were usually heavier than "non-collectors" which had no seeds in 


their pouches. 


Weather 
Temperature 
Mean summer temperature (Fig. 3) is positively correlated with 
the overall survival rate from one year to the next (Table 13) (Spearman's 
coefficient of rank correlation Re = 0.95;) t= 4.3083 P = CRED LOR R-ae ey Wye 


Lack of data precluded an exact evaluation of the precise nature of this 


relationship. 
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Figure 26. Correlation between temperature and average survival 


rate (A), spring precipitation and proportion of females 
breeding (B), autumn precipitation with proportion of 
females breeding the following spring (C) and proportion 
of yearling females breeding with precipitation the 
previous autumn (D). 
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Precipitation 


The proportion of females participating in breeding is correlated 
with precipitation in spring (April and May). Figure 26B shows the 
nature of this significant relationships (R. me (2O 25 - Sp vee eye pw 0.05). 
Precipitation in spring was largely in the form of "wet" (heavy, dense) 
snow or rain which provided sufficient soil moisute for rapid plant 
growth. An indication of a possible threshold in the percentage of 
overwintered females breeding following different spring precipitation 
recordings also exists so that the stimulus of moisture sufficient to 
promote adequate food supplies at the time of juvenile emergence could 
determine which females that are able to breed actually do so. This 
correlation is not in accord with previous results throughout the study 
and may have arisen because those years with good spring precipitation 
(1970 and 1971) followed ones in which autumnal food supplies were 
probably greatest (Fig. 22). Again, more years than were encompassed in 
the present study would have to be investigated in order to separate 
these two factors. 

Autumnal (September and October) precipitation also affected the 
proportion of breeding females in the population the following year 
(Fig. 26C). This significant negative relationship (Ro = -0.975; 

t = 7.598; P < 0.01) indicates that in the years following wet autumns 
breeding is reduced, and the relationship was maintained when only 
yearling females were considered (R, Sra) Ou Os » Le ey oot ame). ida) 
(Fig. 26D). An indication of a threshold aise appears in Figure 26C 
and D, with that for yearlings at an apparently lower level, so that 


breeding in yearling females seemed to be lowered more by precipitation 
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in their first fall than was the case with older females. 

Fruits and berries have normally matured by September and October 
so that food production was probably not influenced to any extent by 
precipitation at that time, although snow could have covered much of 
the food to make it unavailable. Chipmunk activity ceases in the rain 
(Dunford, 1972) and chipmunks were not observed during rainstorms in 
the present study, although they were seen to appear above ground before 
the foliage had died. Despite "intense activity in the fall" (in 7. 
strtatus) Guinfowt. 1972), a high autumnal precipitation could prevent 
laying in of adequate reserves for winter, especially by animals which 
had not established themselves in the population prior to September as 
well as causing more mortality due to exposure among non-established 
animals. However, dry autumns occurred in years of good berry production 
during the years of the present study, and available food, rather than 
dry weather, was probably the major factor, although a longer study is 


needed in order to separate any effects. 


General 

Temperature and moisture are closely related and may even exert a 
synergistic influence upon the population. In general terms, the 
delayed spring followed by a moderately warm, moist summer in 1967 
produced a low proportion of breeding females (Table 7) and a moderate 
overwinter survival rate (Table 13). Both breeding during and survival 
following the cool, moist summer of 1968 were poor. Breeding was again 
poor in the dry, warm summer of 1969 which followed a very dry spring, 


and survival was moderate. Following a spring with good moisture, summer 
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was warm and dry in 1970, allowing both breeding and survival until the 
next year to increase. These factors have been summarized (Fig. 27) to 
show factors tending to maximize or minimize the chipmunk population. 

Although overwintering survival following the warm, dry summer 
and moist spring of 1971 could not be determined, the proportion of 
breeding females was relatively high. By following weather trends from 
previous years it was possible to predict a high survival rate from 1971 
to 1972; this was partially supported by the collection of three animals 
on Plot A in 1972 during spring, a period when very few animals were 


normally trapped (Fig. 7). 


DISCUSSION 


Any species which maintains itself at a constant population level 
probably does so by internal regulation (Lack's (1954b) "proximal 
limiting factors") such that numbers never become high enough to deplete 
the food resources ("ultimate limiting factors") in its environment. 
Such a premise would of necessity mean that the population would exist 
at a lower level than the maximum possible with available resources. 

Consequently, in the present study a large area was sampled by 
autopsy. Logistic considerations prevented live-trapping over such an 
area and a much smaller area was selected for live-trapping in order 
to follow changes in gross numbers of chipmunks. In order to make the 
area live-trapped more comparable with that in which animals were 
collected for autopsy, consideration was afforded to the vegetative 
associations in which collections were made. For this reason live- 


trapping was conducted on three plots which, tn toto, were reasonably 
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representative of topography and vegetative associations, determined 
from aerial photographs, within the larger area in which animals were 
collected for autopsy. 

Populations studied within a large area almost certainly contain 
numbers of localized aggregations or "demes" (Anderson, 1970). Selection 
of a live-trapping plot with discrete borders (an enclosure or island) 
prevents distortion of ecological density by individuals which use that 
area for only part of their "lifetime range." Such a situation, 
however, although allowing a more critical analysis, can be misleading 
in that interactions between residents and dispersing or occasional 
immigrants are excluded and the resultant census, more accurate in 
itself, may not be representative of changes within the population of 
the general area surrounding one which is isolated. A live-trapping 
plot with non-restrictive boundaries will show inflated numbers due to 
occasional captures of animals actually resident outside those boundaries. 
This error was increased further in the present study because three plots 
were used and each one probably showed an increased population level and 
decreased temporal occupancy because of non-restrictive borders. Gross 
densities, rather than ecological densities, have thus been examined in 
both live-trapping and in the autopsied sample. 

For this reason little emphasis can be placed upon differences 
between Plots A, B and C within any one trapping period. Annual differ- 
ences between total numbers trapped (pooling numbers from all three 
live-trapping plots), however, are comparable provided that (1) inter- 
action across borders is in proportion to numbers trapped and that (2) the 
error is of consistent intensity relative to population size. Estimation 


of the accuracy of these two conditions requires comparison with 
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nop-avial lable data from plots with discrete borders so that their 
validity during the present study was assumed. In terms of actual 
numbers, changes in population level on the plots are probably relatively 
correct although somewhat inflated. Similarly,mean times of occupancy 
and estimates of home range (although not minimum home range) are 
probably low in comparison with the data to be expected from plots 
isolated by restrictive boundaries. Pooling data from live-trapping 
plots, then, was considered justifiable in that the population under 
consideration was that in the general area sampled by autopsy and the 
total area live-trapped was considered representative of that larger 
environment. 

Ideally, animals for autopsy should be sampled by collection during 
a predetermined periodicity (say, daily at an hour chosen at random) 
from a randomly selected locality within the large area sampled. This 
would preclude any biases for sex, age or breeding condition which 
could be introduced into sampling by differences in activity patterns or 
physiographic preferences. The autopsied sample was considered unbiased 
despite lack of temporal consistency in that any animal available was 
added. Localized demes were not oversampled as no concentration of 
collecting effort was enforced upon any particular locality or vegetative 
association within the larger area and no particular time span appeared 
to bias collection of any class of animal (Appendix IV). Breeding in 
females was evident from placental scars long after breeding ceased, and 
no bias was introduced into estimations of the proportion of over- 
wintered females breeding each year by differences in collection times 


or locations. Breeding in four-year-old females was almost certainly 
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the reason for an increased proportion of breeding in 1970 (Table 7), 
but this was regarded as an intrinsic feature of the population rather 
than a sampling error because those females were collected with no 
sampling emphasis on either time or locality. 

The premise that the population live-trapped each year (pooled for 
all three’ plots) is a realistic indicator of trends in the numbers of 
chipmunks in the whole area (sampled by autopsy) can be tested by con- 
structing a theoretical population using data from the autopsied sample. 
The sex ratio for each age class is assumed to be parity because of 
small sample sizes and because the overall sex ratio was parity (Table 7). 
Embryonic coritributions from each age class each year are known (Table 10) 
and survival during weaning has also been calculated (Table 12) so that 
the contribution to the population from each age class each year can be 
added. 


For example, in 1967: 


Contributions by juveniles 0 
Coltraputaons by yearlings =92/ 4x "Or, 5 eto sO = Fl.25 


where 2/4 = proportion of females breeding 


OF 


proportion of females in population 


Si) number of embryos per breeding female 


Contribution by two-year-olds = 1/1 x 0.5 x 5.0 = 2.50 
Contribution by three-year-olds = 2/3 x 0.5 x 5.0 = 1.67 

Using the annual contributions from each age group for each year 
for a single year and the mortality between consecutive age groups in 
consecutive years (Table 13), it is possible to follow the size of a 


theoretical population beginning with 71 animals in 1967. 
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Age 
Year Juveniles af 2 3 4 Tota. 
1967 LOe7 0 i} 2 3 0 30/5 
Gre f0r a population) of. 7/1: 
1967 43029 16% 16 4.62 6.93 0 71 
(mortality) 
1968 caer Siew: 10305 125 0 62256 
(natality) (ig. 48 211435 Sak) 
(mortality) 
1969 272 OE 9.87 6756 3.93 0 48.28 
(natality) (9°42 9.84 8.65) 
(mortality) 
1970 30.10 SAV hs) 49530 ys D4 a We | 44.82 
(natality) (23540) 645 S240 64/5) 
(mortality) 
1971 Pi Nee 9.20 DIRS Bes 0 30893 
(natality) GLO Grea te 3s) 


A considerable difference exists between these figures and the 
numbers actually trapped on the plots (Fig. 28). However, all trap- 
deaths were included in the autopsied sample (Table 3), and the age of 
those animals has been determined. Thus, a model similar to that above 
can be constructed from which the number of animals that died during 
trapping can be removed at a time relative to their contributions to the 
juvenile cohort (i.e., trap-deaths occurring before the emergence of 
juveniles are considered to have failed to contribute progeny). This 
shows the effect on the overall population of mortalities equivalent to 
the trap-deaths: 

In 1967 4 yearlings died before making contributions (i.e., 4 x 


1.5 = 6.0 juveniles were not contributed). 
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Age 
Year Juveniles i 2 =) 4 Total 
continuing 
population ipeeewl Lea (32 Unoy 1.91 
(mortality) 
70 6.58 po eele, 0.69 1.34 0 US) 
(traps) - - - 
(natality) (2.68 1.89 2.01) 
(traps) 6 2 a 


When these trapping mortalities are subtracted from the theoretical 
population levels, adjusted levels for the initial 71 animals (from the 
general population) are very close to those observed on the live-trapping 
plots (Fig. 28). The only real deviation occurs in 1971 when the 
theoretical . population decline’ further although the number of animals 
trapped on the plots increased. A possible explanation is that the 
population on the live-trapped plots had been so depleted by trap-deaths 
that, although the total population itself was at a low level, the plots 
were at an even lower level and afforded added opportunities for coloni- 
zation or expansion of home range by animals from outside the plot's 
borders. The removal of animals from the plots in 1971 may well have 
increased intrusions. Another possibility is that the numbers recorded 
are inaccurate at such low levels. In any case, the difference between 
the theoretical and observed populations can largely be explained in 
terms of trap-deaths. 

A further method of correcting for trap mortality involves the 
addition each year of the contribution that would have been made to 
the actual population on the plots had nes eadea tive not occurred. Allow- 


ing for the time at which mortality occurred relative to the breeding 
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Figure 28. 


Real and adjusted (for trap deaths) populations on the 
plots throughout the study and theoretical population 
levels on the plots from autopsy data (with and without 
adjustment for trap deaths). 
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season, the adjusted populations on the plots should have been: 1967, 
TESA OS TMS. LBs VOC IES Oy OF <1 970730 +798 1971, (28.24 (Figs 28). “This 
adjustment does not produce an exact coincidence with the theoretical 
population although compensation for trap-deaths does cause the real 
population on the plots to approach the theoretical one. 

The population of #. mintmus at Heart Lake is unstable over a 
short period of time, although long-term stability is to be expected in 
order that extinction should not occur. Changes in theoretical popula- 
tions coincide closely with those on the plots, so that the live-trapped 
sample appears to be a realistic indicator of population trends. 

The decline in chipmunk numbers was not synchronous with declines 
in red-backed voles or with deermice, although data relating to population 
size near Heart Lake are scant for P. maniculatus. No population maxima 
have been observed for either Clethrtonomys or Peromyscus since 1966 
(Fuller, 1969). Following a decline in 1967 and a low in 1968, August 
numbers of C. gappert have been essentially constant from 1969 to 1972 
(W. A. Fuller, pers. comm.). 

With a litter size of approximately six, a sex ratio of parity and 
aipossibility-of three'*litters> the first®two of*which cowld°also 
reproduce that year (Fuller, 1969), one overwintered female C. gapperi 
could produce 36 female descendants in one year. P. maniculatus, however, 
only produces two litters per summer near Heart Lake (Fuller, 1969), so 
that 18 female descendants could be produced by one overwintered female 
during a favorable summer. If breeding occurred, one overwintered 
female E. mintmus could only produce 2.2 to 2.5 female offspring. Response, 


in terms of population size, to favorable conditions should thus be more 
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rapid in the "annual" C. gappert and, to a lesser extent in P. manicu- 
latus, than in "perennial" E. minimus. 

A further factor which could affect synchrony in sympatric popula- 
tions of #. mintmus, P. maniculatus and C. gapperi is differential 
Survival, probably related to their different modes of winter life. 
Temperature fluctuations in chipmunk hibernacula prior to the attainment 
of the heimal threshold (Fig. 18) were probably less than those at the 
soil surface. Chipmunks appeared to be affected to a lesser degree 
(survival rates were highest from 1970-71, Table 13) than cricetines in 
the subnivean environment by late attainment of the heimal threshold in 
1970. Mortality throughout winter, as suggested by Fuller et al. (1969), 
could have prevented any increased population of C. gappert from surviving 
to reproduce in 1971, while the apparently well-nourished population of 
E. mintmus in 1970 survived in hibernacula to increase in numbers in 1971. 
Thus, lack of synchrony in population changes in sympatric species does 
not necessarily exclude extrinsic causal factors, but may be a reflection 
of differences in life history. 

Tevis (1955) found that £. spectosus, E. townsendit and EL. 
quadrimaculatus accumulated fat in the fall, although Jameson and Mead 
(1964) showed that there was a decline in body weights in October in 
E. spectosus and E. quadrimaculatus. A vernal weight loss followed by 
a gain in fall was found in 7. striatus by Panuska (1959). No autumnal 
accumulation of fat was found in £. minimus in Minnesota (Forbes, 1966c) 
or Alberta (Sheppard, 1968), or in #. amoenus in eastern Washington 
(Svihla, 1936; Broadbooks, 1958). Lipid deposition was not measured in 


the present study but no accumulation of fat was evident in autumn. 
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A "cycle" of body weights may be indicated (Fig. 10), but the 
frequency can not be determined as it probably exceeds the period of 
this study, as does any "cycle" of population size in the chipmunks near 
Heart Lake. Mean body weights, which were not merely a function of the 
time of collection (see Appendix IV), were high at the population maximum 
in 1967, a situation similar to that found by Krebs (1964), but they 
also increased in 1971 in a population that was increasing but had not 
attained a density close to that of 1967. This may be explained by the 
postulate that growth in juveniles was more rapid in 1966 and 1970, as 
the production of fruit in those years was larger than in other years. 
The survivors would benefit again from the large carryover of berries in 
the springs of 1967 and 1971. Thus, the yearlings in the latter years 
would be larger than in all other years. The regular increase in spring 
temperatures in May 1967 and 1971 (Fig. 3) may also have allowed a 
greater nutritive value for overwintered fruits in those years which 
could have contributed further to spring growth. Other years during the 
study were characterized by fluctuating temperatures in early spring. 

Although annual differences in population structure were small 
ChicyveuZ) Tmthatocohorteborneintly 6orappéaredetogbe strongéersthan,all 
others and was the only one to reach four years of age. Other cohorts 
showed a progressive mortality each year such that no individuals that 
had attained four years of age appeared in the samples. The cohort born 
in 1964 (i.e., three years of age in 1967) also seemed to be slightly 
larger than most others (Fig. 12) although weather factors in 1964 did 
not favor fruit production (W. A. Fuller, pers. comm.). That this cohort 


appeared larger than most others may be an artifact of small sample sizes 
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as the difference in numbers autopsied between two- and three-year-olds 
was only one (Table 7). Shtil'mark (1967) found a similar strong cohort 
of EF. stbtrteus in USSR and related it to a copious food supply when the 
cohort was juvenile. Dyke (1967) reported that 1966 was the best year 
for berry production near Heart Lake from 1964 to 1968 inclusive, so 
that the strong cohort born in that year may have had an increased food 
supply when it first emerged and again in spring 1967. 

Potential recruitment would be increased if more than one litter 
could be raised each year. Sheppard (1969) stated that "chipmunks in 
ase Alberta are restricted to one breeding season and one litter per 


year," 


although two litters have been recorded at lower latitudes 
(Manville, 1949; Negus and Findlay, 1959). Three litters were born to 
a pair of captive #. minimus in a single season in Manitoba (Criddle, 
1943), although the first two were lost soon after birth, sothat the 
potential for producing more than a single litter would seem to be 
present, at least in captivity. The present study, however, is in agree- 
ment with Sheppard's limit of a single breeding season and a single 
litter each year (Fig. 11), while recent work (Smith and Smith, 1972) 
has confirmed the presence of two breeding seasons in 7. striatus. 
Tevis (1955) and Sheppard (1969) recognized sexually mature males 
during the entire summer by their enlarged testes which became flaccid 
in late summer in contrast to the smaller, firmer testes of sexually 
immature males. However, after mid-May, Venhuizen (1970) could not 


distinguish males which had bred from those which remained immature and 


no separation was possible in the present study. 
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It appears that a "critical stage of development" was not attained in 
the smaller (non-breeding) yearlings in the present study. 

The breeding season at Heart Lake is restricted in length (Fig. 11), 
and differences in size could arise if some yearlings failed to "develop" 
sufficiently as juveniles before overwintering. Sadleir (1969) reviewed 
the effect of nutrition on puberty in many species of mammals and 
demonstrated that sexual maturity is frequently delayed when food supplies 
are low. Food supply was found to determine death rate and, possibly, 
birth rate in isolated populations of white-footed mice, Peromyscus 
leucopus (Bendell, 1959) while Gunson (1970) showed that reproduction 
in beaver Castor canadensts was poorer in low quality habitats. Foa 
(1900) first showed that adequate somatic development was necessary for 
reproductive maturation, and further work in this century has demonstrated 
that initial production of gonadotropins follows sufficient body growth 
(for review, see Parkes, 1966). Adequate somatic growth is therefore 
necessary before reproduction can occur and Vaughan's (1969) concept of 
the need for sufficient "development" before reproduction can occur in 
chipmunks is another expression of what Sadleir (1969, p. 4) terms the 
"law of puberty." 

Determination of the limits of home range was inconclusive, but 
the data suggest that overlap occurs in both sexes. Females appear to 
occupy areas of at least 0.4 ha while males possibly range over at least 
1.2 ha, and probably occupy larger areas which extend off the plots. 
Martinsen (1968) showed a mean summer home range for adult female #. 
mintmus in Montana of 1.1 ha while Broadbooks (1958) found a mean home 


range of 0.9 ha for female #. amoenus with a mean overlap of 21.7% 
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and a mean home range of 1.5 ha for males. Storer et al. (1944) 
estimated that #. quadrimaculatus females had home ranges of 0.5 ha and 
males 0.9 ha. Both Manville (1944) and Jackson (1961) estimated home 
ranges at less than 0.4 ha in E. mtntmus, but considered their estimates 
low. 

Rather than being directly density-dependent, the proportion of 
breeding females each year seems to be a function of home range size 
in that the percentage increases with decreasing population size only 
when the population falls below a "critical density" shown by the sharp 
break in Figure 14 (i.e., when the area is not fully occupied). The 
"critical density'of approximately 24 animals on the plots (12.4 ha) 
allows a minimum home range of approximately 0.5 ha which is in close 
accord with the average minimum home range determined in the present 
study for six animals (0.6 ha) and values in the literature. Prenatal 
mortality was not affected by population size (Table 11), suggesting 
that breeding females are not unduly affected by their external surround- 
ings once copulation has occurred, or that they are normally located in 
more favored areas. However, small sample sizes necessitated pooling of 
data and local densities were not known although no effect of local 
variations in vegetation distribution was apparent (Appendix IV). 
The proportion of juveniles in the population does not increase above a 
"critical density" indicated by a less precise threshold (Table 4) and 
is directly proportional to the percentage of females breeding (Table 12). 
An apparent threshold in Figure 26B, C and D also supports the contention 
that recruitment is regulated by the proportion of females with suitable 


home ranges in that a certain percentage of the population appears to 
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22 
survive and reach sexual maturity regardless of temperature and 
precipitation. 

Temperature per se is unlikely to be the proximate cause of 
mortality (Fig. 26A) as chipmunks can, and do, evade inclement weather 
by seeking refuge in their burrows (Dunford, 1972). Maturation of 
fruits and berries was probably retarded in cool summers so that less food 
would be available in autumn and winter. Lack of food for some individuals, 
particularly juveniles, could prevent breeding the following spring in 
E. mintmus. Insufficient food would be a factor if a suitable home range 
was not established in an area with adequate resources. Carrick (1963) 
showed that the Australian magpie Gynmmorhina titbicen was unable to breed 
in the absence of a territory, although sufficient food was available to 
the "flock" outside the territories. Bergstedt (1966) stated that 
"territories with sharp and well-maintained borders do not occur in small 
rodents," and behavioral studies on chipmunks support this assertion 
because aggressive behavior has been recorded only near the dens (Gordon, 
936; Broadbooks, *2970as*Dunfordyel970y Browns 129¢l)i9 Theygstimulus, 
independent of food, of actually inhabiting a home range, meaning an 
area of relative non-harassment, could be responsible for breeding the 
following spring in £. mintmus, although nutritional factors are difficult 
to separate from that possible stimulus in field studies. 

No significant difference existed in the embryonic contributions 
each year of those females which bred (Table 10), so that all females 
occupying home ranges which provided nutriton adequate for both survival 
and the somatic development necessary before breeding can occur, 


probably did breed and did so to a constant extent. Larger breeding 
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populations presumably follow autumns when marginal home ranges provide 
the resources necessary for survival and reproduction the following 
spring. It is possible that the proportion of breeding males followed 
a similar pattern to that of the females, with increases in 1970 and 
1971, although no data are available. 

Andrzejewski et al. (1967) found an association between body weight 
and size of home range in bank voles and suggested a dominance hierarchy. 
The heavier "dominant" animals in their study and in other studies 
(Brown, 1966; Wolfe, 1966) may well have been those which occupied home 
ranges capable of providing sufficient nutriton to allow reproduction. 
Somatic development may be genetically controlled (i.e., a fast-growing 
and a slow-growing genotype may be present) or may be solely dependent 
upon nutriton. The correlation between maturation and body size or 
maturation and cranial size can now be explained in terms of home range 
in that those animals with no home range in late summer and autum may 
not have gained enough energy for sufficient somatic development before 
hibernation. It is to be expected that natality would cause an excess 
of animals, many of which could not gain one of the (approximately) 24 
home ranges available on the plots. 

Christian (1971) found that field voles Microtus pennsylvantcus in 
which maturation was inhibited showed no evidence of having been 
attacked or having fought, and suggested that changes in the rate of 
maturation with density could explain differences in the tolerance of 
young males by older males. Should such a behavioral difference occur 
in E. minimus, a reserve portion of the population could be relatively 


protected from aggression by mature animals with established home ranges 
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and yet be available for reproduction once the population declined to 
such a level that there were vacant home ranges available for coloniza- 
tion. The reserve portion would comprise animals that managed to 
establish a home range in late fall. Suggestions of increased mobility 
by juveniles in late August (Fig. 17) support the contention that a 
proportion of the population actively seeks out areas in which to settle. 

It is proposed that in August juveniles suffer one of three fates. 
Those that have established a home range prior to that time and have 
become "collectors" will form the breeding yearlings of the following 
spring. Those "non-collectors" that attain a marginal home range or an 
adequate home range between August and October may lay in sufficient 
stores to survive winter and emerge as non-breeding yearlings because 
they have gained sufficient energy for survival but not enough for the 
somatic development necessary for breeding. Those that fail entirely to 
establish a home range fail to survive the winter. During the course 
of the second summer most non-breeding yearlings will establish an 
adequate home range, but some few may manage to survive a second winter 
under marginal conditions and remain immature as two-year-olds (Fig. 29). 
A regulatory mechanism such as this would result in a constant population 
size unless the number of home ranges available was also variable. 
Considerable variation in fruit production has been demonstrated in the 
present study (Figs. 22 and 23), so that resources available to the 
chipmunks show marked fluctuations between years. It is proposed that 
in years of good berry production a greater number of adequate ranges 
will be available and that the number of marginal ranges will also 


increase, resulting in increased survival until the following year 
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(especially in the juvenile cohort) as well as an increase in the 
proportion of breeding animals. 

Reasons for differential survival in the young cohorts favoring 
females are unclear (Fig. 13). Males have larger home ranges and may 
need more food than females. Sellers et al. (1950) showed that male 
rats Rattus norvegicus excrete more protein than females, probably 
because of their hormonal balance, and are thus less efficient in using 
available nutritive resources. Unless they overlap more, their larger 
home ranges limit the number of males of E. mintmus occupying a pre- 
determined area and may also bring them into more frequent aggressive 
contacts with other individuals. Predation is also more likely in animals 
with wider ranges as it may be more difficult to become familiar with the 
details of a larger range than of a smaller one. This possible mortality 
factor would likely affect younger animals without home ranges or with 
incompletely established home ranges to a greater extent than those 
already "settled." 

Cade (1963) estimated energy available during hibernation for three 
species of Hutantas and concluded that they were "more dependent upon 


storing food sufficient for the winter season in the hibernaculum than 
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on drastically reducing metabolic rate and energy requirements by means 
of deep hibernation."' Using Broadbooks' (1958) data from central 
Washington, Cade decided that starvation was unlikely and Broadbooks 
(1970a) agreed with that deduction because of high overwintering survival 
rates. However, using a more detailed list of caloric equivalents 
(Cummins and Wuycheck, 1971) and a 70% efficiency in assimilating the 
food (Brody, 1945), the net energy available for assimilation by #. 
amoenus in Broadbooks' (1958) three caches was 264, 619 and 480 kilo- 
calories. It is thus unlikely that the first cache contained sufficient 
energy for overwintering survival (see p. 82). 

Engels (1947) recorded volumes but not weights of caches in the 
hibernacula of 7. striatus. Criddle (1943) found three- winter hoards of 
E. mtntmus in southern Manitoba with weights of 528.5 g, 465 g, and 799 g. 
Assuming equal weights of all components within each cache, the digestible 
caloric values can be estimated with the aid of tables in Cummins and 
Wuycheck (1971), Grodzinski and Sawicka-Kapusta (1970) and Brody (1945). 
Hibernation periods in southern Manitoba are more comparable than in 
central Washington with those from Heart Lake, and the assimilatable 
energy values of the caches described by Criddle (1943) were about 1850, 
1530 and 2730 kilocalories. Two caches excavated in September by 
Snigirevskaya (1964) in Siberia contained approximately 6100 and 5300 
digestible kilocalories. Shtil'mark (1963) reported that Siberian chip- 
munks hoarded two to three kilograms of stonepine seeds which would have 
a digestible energy content of 8500-13000 kilocalories (Grodzinski and 
Sawicka-Kapusta, 1970; Brody, 1945). 


Caches of E. mintmus (Criddle, 1943) appear to contain sufficient 
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energy reserves for overwintering survival provided that hibernation 
occurs, while #'. stbiritcus seems to store sufficient food for overwinter- 
ing without hibernating. However, #. sibiricus does exhibit hibernation 
with periodic arousals throughout the winter (Jaeger, 1969). Mortality 
due to food depletion can not be eliminated as a strong possibility in 
some (one, at least) of Broadbooks' (1958) Z. amoenus, and may have 
occurred during the winter at Heart Lake in animals which had not 
established home ranges. 

Graves (1971) reported that "hibernation did not occur in animals 
with low cache amounts" (in 7. striatus). Non-hibernating chipmunks 
require a much greater amount of energy than individuals in hibernation 
(p. 78) and, if smaller cache amounts were available to them while their 
requirements were increased, the probability of mortality would be 
greatly increased. Mortality during the overwintering period, then, is 
a distinct possibility where home ranges have not been established. 

Telegin (1957) and Shtil'mark (1967) postulated that breeding was 
controlled by the amount of energy remaining in the caches in spring, 
with those animals which had depleted their winter stores having 
insufficient energy available for reproduction. This may well occur at 
Heart Lake, where those individuals with inadequate home ranges may 
deplete their caches for survival and not be able to breed. However, 
spring food appears to be gleaned from above-ground overwintered berries 
rather than from caches. If the berry supply had been depleted during 
hoarding in marginal ranges, there would still be an energy shortage in 
spring. 


Many of the classical theories of population regulation can be 
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reconciled in the present hypothesis (Fig. 29), as each theory seems to 
have concentrated on a different level of change within the population. 
Elton's (1924, 1942) suggestion that "climatic variations" are responsible 
for synchronous, single-species population fluctuations over wide areas 
can be explained, with "production years'' (Kalela, 1962) opeudwdns when 
climatic conditions favor survival and reproduction on marginal home 
ranges. Food supply, as suggested by Lack (1954b), is probably the 
factor by which these climatic variations largely manifest their effects 
upon the population (although inclement weather can probably nullify the 
beneficial effects of copious food resources as appeared to occur in 
C. gappert at Heart Lake in winter 1970-71). The concept of "survival 


"colonization ranges" for demic populations (Anderson, 1970) 


ranges" and 
appears to function at the individual level in F. mntmus with non- 
breeding "colonizers" from marginal ranges having additional opportunities 
following somatic development to become part of the breeding "survivors." 
Chitty's (1967) concept of genetic differences in behavior can also be 
reconciled, with those individuals of a more aggressive genotype 
establishing themselves in the more favorable areas and the less aggres- 
sive genotype settling marginal areas or vacancies left by the deaths 

of more aggressive animals. The less aggressive genotype would be 
retained in the population by the ability in animals of that genotype to 
breed for the first time at an older age. Stressful aggression from 
older animals would be avoided by retention of immature status (Christian 
and Davis, 1964; Christian, 1971). "Dominance" of heavier animals over 
lighter individuals (Brown, 1966; Wolfe, 1966; Andrzejewski et al., 1967; 


Friesen, 1972) can also be explained if animals with established home 


ee i) es YY 
cr 4 
o3 ameae. yioeda dose es ¥(@S git): 
.nokseivgog ad3 atidiw sgamitls toto 


aldtanoges: ora "anotiatrey oitembio" : 


© we ; ai - * 
aegis ohiw 39 anolisuinul) 5 Ju iainsaniedie pe 
nodw sbyanoso (S60l ,sisisx) "waay notsquborg" datw mie 


snod Lantgsem 20 notzouboxgs: bas Lsvilvave tove? eno 
siz yvldedorq ef ,(ddc@l) dtoad yd badessgve ae . heute boot .2 
a "9 

eaissiis ried) re9ttnam yisgist enolsetray sisamila eaeds sokdw- ese . 


git yibllun yldsdorg se +8d3¢a9w daomslont sguodsia) seaman: 2) 
' 
ai t»9D0 0) hers9qqgs #5 esotueasy hook eyokqos to ejsstte fsiok oe 
7 


an 


Ievivewe" te jqecsqoo edt  6(IN-OVOL 1etatw nt ofed Gisef 38 eeaeg 
(OSL ,noetebaA) enoisslugog sbheobd 102 "eegoes aotiastaolos" bas “aegne: 


—now tiv aumiim .2 of Isvel Levbivibad ofa de motsonu? of e3e q 


esisinurtogge ianotstibe gnived asyasry Lnalgren mot? “exestnofos" antboord 
, 


".eioviviue’ gntbesrd af3 to 29789 smo09d 03 saesigolevsb olszamoe gatwolloi 

sd oafs on> roivaried of esonptsialb olsaasg to tqonnon (SOe@L) ay id. 
; > 
. 


sqyionsg svieestgan stom # to elaubivibar pacts ratw biabictieeae: 
a a i 


~sotggs Bes! ad? bas asora eidszovst stom sri2’ ni ssylenmesti antiatidnyes 
| gilyseb otis ud sist astonsosv 10 epeta lanigzuam gotiises secon ws 


ad Livow sqyjomsg evieesigge easi sfT .elsoton svbessrggs . 


03 sqyiousn Jes. 10 alemins of yititds oft yd noltaluqog ott at b canon a) 
mort optueergge Luteesi22 .sgs w9blo an 3a omits gerd? edd 40% 
naldeitt)) evsede ovutenmd to acisaeier wd bebtove od bLuow 3 
3ave slomias xelvss( to "epasahaot" (INL ~mmtrabrid goed _: 
(VORL ,.56, to beewspesrbea 7092 ,stlow 7808L (aword) 4 
ot ee iebw caren ae alia 


¢ { ' 5 


« Fr) 


130 
ranges are normally more aggressive because of either their larger size 
or their predominating genotype. 

Food has been described as the "ultimate limiting factor" for 
populations, although "proximate limiting factors" may come into play 
and prevent its expression (Lack, 1954b). Heart Lake is located near 
the northern limit of the range of EF. minimus (Preble, 1908) so that 
variations in weather may unduly influence this population in comparison 
with those from latitudes nearer the center of the geographic range of 
the species. 

Marked fluctuations in population size are normally regarded as 
principally a phenomenon of higher latitudes. The hypothesis proposed 
in the present study could be applicable to populations in more temperate 
climates as well as to that at Heart Lake. The short growing season for 
plants in the "oscillating environment" (Dunbar, 1968) of higher 
latitudes is probably subject to more variability than those of the 
progressively more constant meteorological conditions with decreasing 
latitude. A paucity of plant species at higher latitudes has also been 
suggested as a factor not conducive to stability in animal populations 
(MacArthur, 1955; Connell and Orias, 1964; Pianka, 1966). Food supplies 
thus probably fluctuate to a greater extent at higher latitudes so that 
the numbers of home ranges available would fluctuate more than at lower 
latitudes. A greater variation would be expected in the number of 
animals supported on a predetermined area in the Northwest Territories 


than in say, coastal California. 


“i yy 
=) ale wv tg 


yelq ont smo> YEA “exoson2 3 
san bsze50! et ssipd’ drpeit recat 


sods o@ (BOL ,sldesd) audthy JB india 
noeiraqeres At nvitalugoq afd: ssasulial ylubnw yee redasew ak saotie iin rhe ; 
16 egoe1 oliqe1g6sg si3 io 1392n9> SA tke ate sa 


ae) 


es bebiegs% qilesrion 915 9ste nolgsleqog ink enotssutoul? bsdy. 7 


bauoqgetq 2tasdtoqyd ofl sesbuatost sedgtd io oonsmonedg 8 vifegiogtsg 
sJa1sqns3 sivm nl snotysluqog o3 sideatiqqs sd Siuos qoute aa ‘ 
702 noesse gntwovg grotia adT ode] a7eeH gp asda a3 en ifaw ea seasatio | 
sonaill Io (BCL ,rednvt) “Inomnddivas gniselktoes" addy pita : 

ait lo se0dy asda yailkdnliav S1om of Joefdue eidedoxq at matlab, 
gmlaeexoeb datw enotiibnds fssigolotos2em Ineteno0> stom » 7 
nsed o#lu asff aabu2iIs1 1sgid 3s eatooge Janiq to, yatousg A nee 
encijelu¢oq Lamtns ab yotitdase of evioubnod Jon s03981 8 en beJeeggue 
an ied bool .(d8@f ,sanskT ;090L ,aekt0 bre Llonaod 7eeeL csodazAoeM) 
jes oe asbuciiel astlaid 38 2n89xs 19IeStg & 02 etsutoul? ceanaieme) 
Yevol 25 oadd atom sdcursult bhyow sldeiieva segnsz amor to 
Yo xedmur on3 mt hsdosqxs ed bluow notapivey reasetg A - 
sotrodiriaT JeewddioK ody ni sexs bonmimrsyebaug 6 no b 


7 io as 
, iv ° ar : 
ray 7 a Va - a : * yy 


13% 


CON CLUS IONS 


Those questions posed at the beginning of this study have been 
answered. Chipmunk populations neart Heart Lake did not remain constant 
but declined from 1967 to 1970 and increased slightly in 1971. Popula- 
tion changes were not synchronous with those of red-backed voles in the 
same area as voles declined in 1967 to lowest numbers in 1968 and 
remained virtually constant from 1969 to 1971. Reasons for asynchrony 
in population fluctuations between the two species were considered to be 
related to differences in both potential rates of increase and survival 
rates. Species with dissimilar life histories can thus respond in 
different ways to common extrinsic factors. 

Breeding in #. mintmus was restricted to a short period in spring 
soon after emergence from hibernation. Following six weeks of weaning, 
juveniles emerged from the maternal burrows in mid-July, after which 
growth was rapid. However, considerable variation was noted in body 
weights of juveniles in August when heavier chipmunks ("collectors") 
carried seeds in their cheek pouches while lighter individuals ("non- 
collectors) did not. 

Breeding does not occur until chipmunks have overwintered at least 
once. The proportion of females that bred remained approximately 
constant above a threshold which was postulated to be related to the 
number of home ranges available and breeding increased only when the 
population level fell below that threshold. The number of suitable home 
ranges was probably related to climatically-determined food resources 


as large annual differences were observed in both quantity and quality 
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(i.e., species available) of berries. 

Variability in breeding success was most pronounced in yearlings 
where only 50% of the females showed evidence of having bred. Breeding 
yearling females were significantly larger in both body weights and 
cranial measurements than non-breeding females of the same age. Breeding 
females in all age classes contributed to full capacity each year as 
there was no significant change in embryonic contribution and no evidence 
of mortality during weaning. The percentage of females breeding within 
each age class increased each year so that the chance of an individual 
female contributing to the population increased with age. 

Survival rates were lower in the first than in the second and 
third years of life. Only a few individuals from one cohort, which 
probably had an increased food supply in its first year, survived to 
four years of age. Mortality did not appear to occur in summer but may 
have occurred in late fall when individuals without established home 
ranges were seeking overwintering sites. Earlier studies also suggest 
that mortality may occur in hibernacula during winter in those 
individuals with small hoards. The proportion of females increased with 
age, an adaptation which would increase the reproductive potential of a 
population in which males were promiscuous. 

It was proposed that juvenile "collectors" overwintered to form 
the heavier breeding portion of the yearling age class and that "non- 
collectors" either failed to survive or overwintered on marginal home 
ranges to form non-breeding yearlings. Continued growth throughout 
summer would provide most non-breeding yearlings with a competitive 


advantage over the new juvenile cohort for home ranges and they would 
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reach breeding capacity for the first time at two years of age. The 

small percentage of two-year-old animals which did not breed would perhaps 
be sterile or would have failed to establish adequate hom ranges as 
yearlings and would have survived a second winter on marginal home ranges. 

Many theories regarding population regulation were incorporated 

into the present hypothesis, which must remain largely tentative. 

Further investigations are necessary before conclusions can be made 


concerning the validity of this concept. 
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APPENDIX I. Total numbers of trap-days in different vegetative 


Year 


associations (see Fig. 1) on live-trapping plots each year. 


Plot A: JB = jackpine, some white spruce, plus balsam poplar 
TG = tamarack, black spruce plus gravel 


Plot B: JW = jackpine, some white spruce 
BP = balsam poplar 


JA = jackpine, birch, aspen, alder 


Plot CC: JJ = jackpine, occasional alder and juniper 
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APPENDIX II. Chipmunks captured on live-trapping plots. 


Sex: M = male; F = female 

Date = date of initial capture 

Age: A = overwintered once or more; J = juvenile 

Reprod = reproductive status at time of first capture. 
Males: S = scrotal testes; females: P = pregnant; 
L = lactating; E = enlarged nipples 
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APPENDIX II (Continued) 


Plot No. Date Sex Wt (g) Age Reprod Recapture dates 
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Plot No. Date Sex. aWt .(9,) Age Reprod Recapture dates 
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APPENDIX II (Continued) 
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APPENDIX II (Continued) 


Plot Ne. Date Sex Wt (g) Age Reprod Recapture dates 
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Plot No. Date Sex Wt (g) Recapture dates 
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Plot No. Date Sex Wt (g) Age Reprod Recapture dates 
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APPENDIX II (Continued) 


SRS aS SSS LS =A SASS Ss 


Blot ' ‘No. Date Sex Wt (g) Age Reprod Recapture dates 
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eee OF ee Ono M 41.0 A 

Aye O08) 9 Sy F 44.9 A 

Ae elO2s 2 25.Vii M Mis) Q 

A 163 DO ey Ai. F Shee A (dead = 7120) 
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APPENDIX II (Continued) 


Plot” “No: Date Sex Wt (g) Age Reprod Recapture dates 
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APPENDIX III. 


Year 


U967 


1968 


1969 


1970 


Loy 1 


autopsied throughout the study 


Mean body weight (grams) 


Total Females with 
overwintered placentae and 

animals Females embryos removed 

47.66 48,89 48.89 

4511 45.96 45.88 

Lawl | 44.31 44.14 

UNG} TS) 47.38 Gi s2o 

44.89 46.02 45.87 


Mean body weights (in grams) of overwintered animals 
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Males 
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Protocol of chipmunks in autopsied samples. Age (in years) 
was determined by histological examination of dentaries and 
refers to the summer of each collecting period. 


Veg = vegetative association (as in Appendix I) in which each 
animal was collected: C-XX = captive animals plus 
vegetation at initial capture point. 

Reprod: Males - A = abdominal testes; I = inguinal testes; 

S = scrotal testes; Females - B = breeding; 
N = non-breeding 
Stomach: + = contained food 


C.P. = cheek pouches: + contained seeds 
Date 

No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 
1967 

Juveniles 

D7 Osre 5 Vi. 0 / M 28.4 - A Born in captivity 

BO SG. al video / F 2930) - Born in captivity 

BAUSH. Wl. Vid i6'/ F The ©) - Born im) captivity 
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Of LZ Lo, x4 OF M 361 C-JA A 
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6714 305X167 M Ga 5O 9) -C=BP a A 

6716 DAS Se aan y= IN BO wc C-JJ it | Captive since 
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a ee eee ee ee ee eee 


No. Screen Sex Wt (g) Veg Reprod Stomach C.P. Comments 

6717 20 XAG 6 | eet AAs, 7 C-JB ib Captive since 
OS li is Mo €8) 

6718 Opi. 03 F Bare C-JA Captive since 
Z3eViii.oy 

6719 5G Is Rey) F 41.0 C-BP | Captive since 
Devas Oy 

6720 Oe tii:68, M 24,1 G-JW Captive since 
1 avid 67 

6721 2RANv 06 F 49.6 C-JW Captive since 
2) eM Ae a se OF 

Yearlings 

6702 orev Od F 570s» BE NB =f = No. l 

O70 30 2D v4. Of F D0.) JB B = No. 14 
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Oy USCmeEs Viae.O7 M 4050) = BP if - + 

Or OS Dames Vial O 4 M 40) 55) 9s BP I 
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APPENDIX IV (Continued) 
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Date 
No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 
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Three-year-olds (continued) 


OFUSEMELUSVitT.o7- i Om eed B 
G7U00e G2 eyii-,O7—.  F ire omen ee B + 
1968 

Juveniles 
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6804 ai. 09 M “One, 9 CJ J o Captive since 
A Vid 
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a a a ee ee ee 


No. Bs thee Sex Wt (g) Veg Reprod Stomach C.P. Comments 

Juveniles (continued) 
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Date 
No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 
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Date 
No. collected Sex Wt (g) Veg Reprod Stomach C:iP. Comments 


Juveniles (continued) 


6933 LORViES69* —M 3a. 4 Sie A 
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Date 
No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 


Juveniles (continued) 
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Date 
No. collected “Sex “Wt (Cg) “Veg “Reprod “Stomach “C?P. Comments 


—————————— ee 


Yearlings (continued) 
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APPENDIX IV (Continued) 


Date 
No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 


Two-year-olds 
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Vege Reprod Stomach C.P. 


Comments 
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No. ee Sex Wt (g) Veg Reprod Stomach C.P. Comments 
Juveniles (continued) 

7040) Ihvdiat/0 -F SHE 3S. Jai 

70412 Siviiin70 &F 38ESi 6S 

70425 4aviii270 M 36% 53. JW 

(O83? Gewaiin7yO M S542 Ja, A-I 
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No. inane Sex Wt (g) Veg Reprod Stomach C.P. Comments 
Yearlings 
7001 VO M 40.5 BP Ss 
7003 oe Nia) 4) M ald JA ips) 
7006 2h Tod 0 F 44.3 JB B 
7007 8s vind 0 F 5042 JA B 
7008 LO. Vi.7 0 M 35°45 “SI it = No. 134 
Phone MGs Vite O M 32:50 JA I 
7013 Gevid. £0 F 49.1 JB B 
7020 DEV ey Onn 47.0 JA A-I 
7020 NS Nain Oey AG) ul 40.2 Jd I 
7034 Za V1 del OEM, 45.5 as) ib 
7047 Devi. 7 0 M Sioa) JW I 
70544 20.viii.70 M AO 0; > TA LA 
7060 Zon Vidi. 70. MM SOLo C-JA I Captive since 
20 Vie U 
Two-year-olds 
7002 on Vind OD M 38.4 JB S 
7005 li.v./0 F 54.1 Me) B 
7009 Le.VL. 70 M Oe JW ik 
7010 L Oeil 70 F S252 4S) B 
FOLZ Oe Vali] F 50.0 Aifcl NB 
7049 bs ie Wa heer EW) F LOR) JW B 
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No. atom Sex Wt (g) Veg Reprod Stomach C.P. Comments 

Two-year-olds (continued) 

7063 Aisviiit7O ADs2 JW NB 

Three-year-olds 

PAO wie eat. 7) | oF eas. JB B 

(az JER Seite hati Uece 9h elmer | AWN B 

Four-year-olds 

7004 G.v270 M 3955 JW 2 

7014 OsVii. 10 F 32.4 ajs)) B 

7019 Toe ats 1) F UO Ralls, B = No. 82 

7061 ZV le Oni: 46.6 JB B 

7 

Juveniles 

yee, Oe Ade Leet shies JB A Skull lost - 
not aged 

VeLWRS Oe Vi dest) a. F Spa JB A Skull lost - 
not aged 

TWAS) Zoom ath Fal M 38.4 JB A ORULE est 
not aged 

7LZ0 Cre NA tee) 6 eee 41.2 JW i 

Up ie a ZO GL ds ee Le I = No. 163 

7IZS GV Late 97 ‘ak F 43.6 JW 
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APPENDIX IV (Continued) 
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Date 
No. collected Sex Wt (g) Veg Reprod Stomach C.P. Comments 
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Juveniles (continued) 
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Yearlings 
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7106 hia etl M 48.0 JA S ay 
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APPENDIX IV (Continued) 
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Yearlings (continued) 
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APPENDIX V. Means of four cranial measurements (in mm) for different age 
classes and reproductive criteria. 


TL = total length; ZB = zygomatic breadth; ONL = orbitonasal 
length; IOB = interorbital breadth; B = breeding; 
NB = non-breeding; N = sample size 
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